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HALF-MODELS SIMPLIFY VALVE DESIGN 
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Maintain Operating Accuracy 


BY USING 


lron-Nickel Alloys 


TO CONTROL THERMAL EXPANSION 


Any desired coefficient of expansion, ranging from 
almost zero to a value greater than that of ordinary 
steel, may be obtained with the iron-nickel alloys. 
In addition, these alloys are strong, tough, ductile 
and possess a useful degree of corrosion resistance. 

In wide use is a 36° nickel alloy...aptly named 
“Invar” because its dimensions remain almost in- 
variable over the range of atmospheric temperature 
variations. However, as nickel content goes higher, 
expansion increases continuously. The chart, be- 
low, shows the thermal expansion characteristics of 
Invar and two other high nickel alloys, along with 
those of carbon st: el for comparison. 
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The International Nickel Company, Inc. 
Dept. PE, 67 Wall St., New York 5, N.Y. 


Please send me further information 
about Iron-Nickel Alloys. 


Til: 





THE INTERNATIONAL NICKEL COMPANY, IN 


FABRICATION 
Like all austenitic alloys, those of the iron-nickel 
system respond well to plastic deformation, 
either hot or cold. They may be welded by 
any of the commonly used methods, and users 
report their machining characteristics are very 
similar to those of other high nickel alloys such as 
Monel® and Inconel®. A special, free-cutting grade 
is available tomeet exacting machining requirements. 
APPLICATIONS 
Where dimensional changes with temperature must 
be minimized, or where such changes must approxi- 
mate those of other materials of relatively low ex- 
pansivity, iron-nickel alloys...sometimes modified 
by other alloying elements...are almost univer- 
sally used. 

For example...in thermostatic bimetal strip, Invur 
serves as the low expansion side for use up to mod- 
erately elevated temperatures. At higher tempera- 
tures, the 42° nickel alloy is commonly used. For 
the high expansion side, special alloys, containing 
15-25% nickel, are used extensively because they 
develop nearly double the expansivity of iron. Iron- 
nickel alloys are also widely used in glass-to-metal 
seals, where expansivity of the glass must be closely 
matched. The 42% nickel alloy, sometimes with 
added chromium, is used with soft glasses. Hard 
glasses call for nickel alloys containir 3 added cobalt. 

Scores of other iron-nickel alloy applications in- 
clude bases for giant telescopes, surveyors’ tapes, 
radio condensers, parts for textile machinery and 
for numerous precision instruments and devices. 

Industrial fields of usefulness for the iron-nickel 
alloys are far from exhausted. These unique ma- 
terials can be of incalculable value in improving 
instrumentation and process control, and in the de- 
sign of new devices. They are available in various 
forms including wire, rod, strip, sheet, bars and tub- 
ing. Send coupon today for additional information 
on the properties of iron-nickel alloys...they may 
be the means of improving your products, equip- 
ment, or process. 


67 WALL STREET 
» NEW YORK 5, N.Y. 
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The Chief Engineer—His Status and Responsibilities by Arthur Lazarus 
A survey-type investigation into the company status of the chief engineer. 


Estimating the Weight of Single Reduction Gear Sets by D. W. Dudley 


Primary factors that govern the weieht of single-reduction gear sets, and methods of evaluating dom. 


Product Designs 


New Kelvinator refrigerator; Hydraulic punching machine; Electric paving breaker; New Nash. 


New Techniques in Valve Design by E. B. Pool 
Simplifying valve design through clay modeling and brittle lacquer stress analysis. 


Different Mechanical Methods for Attaching Tubing 
The construction details of ways to attach plates to tubing are illustrated. 


Copper Alloy Extrusions by R. Carson Dalzell and D. C. Finley 
Range of properties, typical shapes and applications of copper-base extrusions. 


Analysis of Lugs and Shear Pins by F. P. Cozzone, M. A. Melcon, F. M. Hoblit 
Procedure for the design of lug and pin connections for different types of lug-pin constructions. 


Vector Diagram Checking System for Dimensions and Tolerances by A. M. Stott .... 
Method for determining and checking the dimensions and permissible tolerances of component parts. 


Sub-Miniature Instrument and Control Motors by Joseph K. Raes 
Selection of small motors is based on other factors than governs the choice of large types. 


New Fluorine Plastics by Louis C. Rubin 
Therma!, chemical and electrical properties allow wid- application of these thermoplastics. 


Saving Drafting Time With Photography by E. H. Markley 
Establishing a complete photographic drafting procedure to replace hand tracing. 


Involute Gear Dimensioning System by Sydney L. Terry 
A proposed data form that includes only the basic dimensions needed in involute gear manufacture. 


Which Shaft Seal? by R. S. Rainey 
Types of shaft seals and which one to use to meet a given requirement. 


Precision Casting Alloys 
Charts giving properties of materials that have been investment cast successfully. 


Washington Notes 
This Month’s Cover New Components, Patts, and Mecsrials 
itori Meetings 


Technical News . 
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Mallory 


Motor Capacitors 


Set The Pace For Continuous, 
Trouble-Free Service! 


come 


Service-minded design engineers have standardized on Mallory 
AC Motor Starting Capacitors... because they can be relied 
upon for long unfailing performance. 


The plastic case, first introduced by Mallory, resists moisture 
. insuring continued operation in humid applications. The 
splash-proof end cap completes the insulation . . . permanently 
protects the terminals. The easy-mounting bracket not only 
simplifies assembly but also provides an extremely rugged and 
dependable device for attachment to the motor. The result... 
‘ : Mellory Motor Capacitors perform in a manner that keeps 
For complete mechanical and electrical 
data, capactty ratings and sizes... 
write for your copy of Form #746-F. 


customers happy. 


That’s service beyond the sale! 


RE AL ee eee Mallory electrical, electronic and metallurgical know-how is at 
your disposal. What Mallory has done for others can be done 
for you. 


If desired, Mallory AC Capacitors can be supplied without hardware for use with your present mounting method. 





SERVING INDUSTRY WITH 


PR.MALLORY &CO.iInc. Capacitors Contacts 
wz : , ae 5 Controls Resistors 
j : : 4 te are, Rectifiers Vibrators 
< i | as i Special Power 
. & : a= i P Switches Supplies 


Resistance Welding Materials 





Ce iy 


MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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In this summary of technical developments, space restrictions do aot 
allow giving complete details. Further information relating to any 
item can be obtained by ~riting to the Editor of Product Engineering. 





Metallic Materials 


NEW STAINLESS STEEL composed of 17 Cr, 
4 Ni and 4 Cu is easy to fabricate and harden. 
Soft-temper strip, sheet and plate is brought 
to full strength and hardness by heating to 
1,400 F for 30 min, air cooling and then re- 
heating to about 900 Fahrenheit. 


NEW ELEMENTS are continuing to roll off the 

cyclotron assembly line in the University of 

California’ s Berkeley labs. Latest is Number 
98, Californium, half-brother of 
Berkelium. (P.E., March 1950, 
p 3). Of little practical use, the 
trans-uranium element has a 
half-life of only 45 minutes. 


WROUGHT STAINLESS resists highly con- 
centrated sulphuric acid used in processing 
industries. Nominal composition is 29 Ni, 20 
Cr, 3 Cu and 2 Mo. Mechanical properties are 
similar to those for 18-8. Uses include mixing 
tanks, heat exchangers, piping, pump shafts 
and rods. 


PRINTED CIRCUITS used in small electrical 
equipment are now cheaper and simpler to pro- 
duce. Copper ink, which takes the place of the 
silver conducting paste, can be deposited on a 
plastic base using conventional engraving and 
printing equipment. 


HIGH-TEMPERAT URE SHEET containing 50 

Ce, 20 Cr, 15 W and 10 Ni has a yield strength 
of 70,000 psi and an ultimate of 
155,000 psi at 1,800 F. Alloy is 
readily formed by bending, 
stamping or drawing, is weld- 
able and corrosion resistant. 


MACHINABLE TUBING with properties of 
stainless steel is comparable to SAE 3120, 
3145 and 4615 grades. Welded rounds and 
shapes up to 4% in. OD are non-galling and 
applicable for screw machine parts, bearings, 
bushings, instrument and valve parts. Tubing 
is aot recommended for cold working operations 
such as flaring and bending. 

May, 
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ZIRCONIUM, in combination with titanium, 
takes the brittleaess out of permanent magnet 
alloys like Alnico V. Field of application for 
these materials can therefore expand because 
machinability is increased. 


TUNGSTEN-IRIDIUM thermocouples appear to 
be the best performers at temperatures above 
2,900 F. In neutral atmospheres, they have a 
high thermal emf, nearly linear calibration 
curve from 1,800 to 3,800 F, and a negligible 
room temperature emf which obviates cold- 
junction calibration. 


Nonmetallic Materials 


RESIN CEMENT for wood, paper, leather and 
ceramics is moisture resistant, has dielectric 
strength of 1,700 v per mil and does not dis- 
tort below 200 F. Water-white compound has 
consistency of molasses. 


JET ENGINES using thiophene-enriched hydro- 

carbon fuels are not prone to load up with 
soot. Combustion chambers stay 
clean and overall effectiveness 
of powerplant remains high. 
Thiophene, a coal tar deriva- 
tive, can also he synthesized. 


SILICONE-GLASS molding compound  with- 
stands heat to nearly 460 F, is both shock and 
arc resistant. Easy to mold, compound is al- 
ready being used in circuit breakers and 
switch gear assemblies. 


SANDWICH PANELS of end-grain balsa flank- 
ed by thin facings of high-strength aluminum 
combine many desirable design properties — ex- 
cellent aerodynamic smoothness, high strength- 
weight ratio and minimum skin buckling. 


LATEST ENTRY in the search for non-flam- 
mable hydraulic fluids is one that is claimed 
to be ‘“‘fool-proof’’. This newcomer is non- 
toxic, non-corrosive to metallic parts and 
completely compatible with packings and seals 
used in hydraulic systems. 

Continued on Page 5 


3 





Coniflex gears, unlike ordinary straight beve 
relieved at both ends of the teeth. Result: A “‘fl 


teoth bearing with allowable tolerances to 
assembly and provide superior operation. 


. * 

Co niflex gears can be 
cut in a large range of sizes. The two 
machines pictured, the Gleason No. 14 
Straight Bevel Generator and the No. 
24A Straight Bevel Generator, provide 
a means of cutting up to 35%”.} 
CONIFLEX* gears, cut on these ma- 
chines are long-lasting, smoother-op- 
erating gears free from the danger of 
concentration of load on the ends of 
the teeth. 

Write for “Generated Coniflex Gears" 
for information on the many advan- 


tages of Coniflex gears. 


Tin some cases capacity may 
be increased. Submit prints 
for our recommendations, 


GLEAs : 





niy . 
Roches, any Aven, 
LY. e 


Builders of Bevel Gear Machinery for Over 85 Years 8.4, 
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O-RINGS AND SEALS molded of a special 

synthetic rubber satisfy Specification AN-G-35 

at -65 F. Tensile strength of compound is 1,340 

psi; Shore ‘‘A’’ hardness, 88; elongation, 100 
percent. Typical uses include 
seals for port connections on 
valves, cylinders and other ac- 
cessories in high-pressure hy- 
draulic systems. 


HYDRAULIC oil for motors and pumps has 
viscosity of 90-100 SUS at 100 F and pour 
point of -25 F. Body, load-carrying and non- 
foaming characteristics are stable from zero 
to 210 F. Compound satisfactorily meets Vic- 
kers specification for hydraulic oils. 


Processes 


ELECTROPOLISHING is being tried as a sub- 
stitute for drawing in the production of wire 
having diameters as small as 0.00015 in. Wire 
becomes electrode in an electrolytic bath that 
polishes away the surface. More compact elec- 
tronic equipment and supersensitive instru- 
ments are some of the likely end-products that 
will profit by this development. 


HOT PRESSING of beryllium powder shows 
promise for relatively large simple, shapes 
suitable for machine-finished products. Tests 
indicate tensile strength is comparable to that 
Cs for beryllium castings. Process 
outdoes cold press-sinter meth- 
ods because compacts 12 in. in 
diameter and 4 in. thick are 

readily producible. 


PROTECTION for rolled-gold plate produced 
by the Inter-Weld process (P.E., September 
1949, p 5) is now provided in the form of a 
plastic film. Coating does not rupture during 
blanking and forming operatincs and protects 
the mirror finish from die a . -.andling scratch- 
es. Plate can be any color gold on any metallic 
base, is more dense than electroplate. 


SAND CASTINGS made by the Croning process 
have smooth surfaces and sharp edges. Tol- 
erances can be held to 0.002 to 0.003 in. per 
in. A mixture of sand and pulverized. phenolic 
resin forms a thin mold when poured over a 
heated metal pattern. Cores are made in same 
manner, except that mixture is blown into a 
split core box with jet of compressed air. 
Baking and curing times are short. 
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LONG FLANGED TUBES used in food pro- 
cessing machines are being die cast from alum- 
inum instead of machined or spun from alumi- 
num castings or sheet. Novel feature is use of 
long cores to form inside contours. 


SINGLE-STROKE forming process results in 
sheet steel pressings of large proportions. As 
many as 144 tank heads 14% in. in diameter 

2 Ga and 24% in. deep can be drawn 


from 12-gage steel blanks. Spe- 

cial dies do the trick by sub- 

| jecting the blank to a double 
reverse draw. 

NOVEL METHOD of preventing steel from cor- 

roding is to bond strips of aluminum foil on the 

surface. It’s a two-step proposition — electro- 


deposit an iron coating and then heat steel to 
850 F before applying the aluminum. 


Components 


TORQUE UNIT for velocity servos and motor 
intezrator systems has a 27.5 v 10,000 rpm 
(max) d-c motor-generator set and reduction 
gear assembly, all housed in a 1%-in. dia, 
6-in. long aluminum tube Output torque is 
6 oz-in., max output shaft speed is 250 rpm. 
Device can also be incorporated in position- 
type servos with the motor coupled to a sepa- 
rate follower mechanism. 


POROUS BRONZE SHEETS are doing an effi- 
cient job of filtering in several applications. 
18-ft strips 14 in. wide and % in. thick control 
boundry-layer effects on airfoils, serve as 
pressure differential linings in wind ‘uanels 
and act as sweat-cooling surfaces through 
which liquids are pumped. 


**TOOTHPASTE-TUBE’’ PUMP handles cor- 

rosive liquids and gases at a gallon-a-minute 

clip. Corrosive mixtures are squeezed through 

a plastic-lined rubber tube by a series of roll- 
ers mounted on the side of a 
revolving disk. As disk spins, 
ro\iers flatten tube against a 
semi-circular frame, causing 
liquid to move ahead. 


TWO METAL CYLINDERS, one inside the 
other, appear to do a better job than disks in a 
new version of the magnetic-fluid clutch. Rec- 
tangular teeth on the clutch faces also add to 
the capacity of the 6- by 6-in. unit that will 
lift one ton 1,000 ft per minute. 


Continued on Page 7 
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Bendix Economat, a product of Bendix 
Home Appliances, inc. Hycar parts molded 
by Vernay Laboratories. Inc., Yellow 





Hycar helps 





HE engineers who designed 
the revolutionary new auto- 
atic washer pictured here came 
p with a hatfull of cost-saving, 
rformance-improving features! 
One of these is a flexible tub that 
squeezes” water from clothes. Two 
ore are a vacuum release and a 
eck valve, made with Hycar Amer- 

n rubber. They control the water 

w that rinses clothes. The entire 

rinciple of top draining and prop- 
er drying of the clothes is depend- 
ent upon the vacuum release valve 
operating without failure. 

These Hycar parts are outstand- 
ing examples of precision engi- 
neering and molding. Hycar was 
chosen because the components 


B. F. Goodrich Chemical Company 


GEON polyvinyl materials ¢ HYCAR American rubber ¢ GOOD-RITE ch 


put the 





must undergo no dimensional 
change while in operation, and must 
also possess low water absorption 
and high resistance to compression 
set. What’s more, Hycar came 
through perfectly in laboratory 
tests with all types of alkalies, soaps, 
detergents, bleaches and washing 
compounds at water temperatures 
up to 200°F. 


Hycar 


Rep US Poe Of 


Amanita Riper 


Hycar-made 
valve seal 


Hycar-made 
check valve 


U66Z6 on washer costs! 


Throughout, this unusual new 
washer shows ingenious use of 
materials and mechanisms that help 
reduce the cost to the manufacturer 
—and to the user. 

What Hycar does here may give 
you ideas for cutting costs and im- 
proving the performance of your 
products—or your product designs. 
For versatile Hycar is used as a 
base material . . . as a plasticizer for 
polyvinyl resins . . . as a modifier 
for phenolic resins . . . as an ad- 
hesive base ...asa latex for coating 
or impregnating. For further infor- 
mation and assistance, please write 
Department HL-3, B. F. Goodrich 
Chemical Company, Rose Bldg., 
Cleveland 15, Ohio. 


A DIVISION OF 
THE B. F. GOODRICH COMPANY 


i and 
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WEIGHT AND SPACE savings in radio and tel- 
evision sets, hearing aids, alarm systems and 
thermos:ats will be great when a new sub- 
miniature tube gets into production. About the 
size of a match head, the Fieldistor is shock 
resistant and requires very little current, 


CIRCUIT BREAKER PLUG for the end of ap- 

pliaace cords has built-in overload time-delay 

switch. Bi-metal thermostat can be set for 
ratings from 2 to 10 amp on 125 
v a-c lines. Two-prong assem- 
blies have reset lever, 3-prong 
units have recessed button that 
must be pressed. 


WIRE CABLES embedded in two adjacent plies 
under the tread of pneumatic tires bring about 
several benefits. Compared to staadard con- 
structions, new design is lighter in weight, 
more resistant to cuts and punctures, and has 
greater load-carrying capacity. 


NICKEL-CLAD COPPER WIRE, both solid and 
stranded, in all commonly-used sizes may be 
the answer to many problems faced by design- 
ers of electronic devices, jet engines and heat- 
ing appliances. High corrosion and heat re- 
sistance, strength and an electrical conduc- 
tivity approximately 70 percent that of pure 
copper are the chief advantages. 


Testing 


DOLLAR SAVING TIPSHEETS packed with 
answers to the question ‘‘How do I go about 
redesigning a product for lower costs?’’ will 
be featured in the June PRODUCT ENGINEER- 
ING. Mechanical transmissions and parts; pro- 
duction processes; materials; hydraulic, pneu- 
matic and electrical components are just a few 
of the subjects to be presented 


EXTENSIVE TESTS are being conducted with 
special presses and various alloys for pro- 
ducing cold-extruded steel parts. Although 
procedures for press stroke and pressure are 
not as yet perfected, it is known that low- 
carbon, low manganese steels can be success- 
fully formed by this method. Main advantages 
are low scrap rates, smooth and accurate 
finish and high strength. 


*‘ENVELOPE JIGGING”’ of airframes is being 
tested in England. Outside skin of sub-assem- 
bly structures is shaped and located on spe- 
cial jogs. Ribs and other internal members are 
then added. Objective is to preserve details 
of the original design. Inaccuracies that occur 
during assembly therefore grow inward. 


STRAIN GAGE RECORDER plots automati- 

cally 5- by 3-in. load-strain graphs for 100 or 

more test points. A stylus travels horizontally 

along a test panel aad, through electronic 
circuits, balances a series of 
Wheatstone bridges. Behavior of 
every gage point can thus be 
individually studied while a 
test is in progress. 


WHITE MAGNETIC FLUID offers high degree 
of contrast when checking dark-colored ferrous 
parts for flaws. Whiteness of standard paraffin- 
magnetic oxide mixtures is obtained by adding 
powdered aluminum. 


P ARTIALLY-ACTIVATED GERMANIUM is the 
heart of a small radiation counte: that is more 
sensitive than Geiger units of larger dimen- 
sions. Device not only counts alpha and beta 
particles and gamma rays, but it also senses 
the directions in which they travel. 





THIS MONTH’S COVER 


Test engineers observing air flow through a half-section valve model. 
Model is made of pliable clay and covered by a transparent acrylic 
plastic plate. Small streamers, pinned to the model's interior surface, 
reveal any points causing excessive turbulence. The engineers will 
then change the contours of the pliable clay to smooth out the air flow. 
Object of the procedure is to design—by cut and try—the internal 
valve contours that will gvie a minimum pressure drop. The same 
test fluid (air) can be used in designing valves for steam, water or 
hydraulic applications. Artist's drawing is based on Kodachrome, 
courtesy of Edward Valves, Inc. 
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- For Tough Machining Job 
REVERE FREE-CUTTING B 


_— are several examples of the fact that Revere Free- 
Cutting Brass is really good. These rotor shafts for 
variable condensers are cut on automatic machines at 3600 
r.p.m. Circular tools are used to cut the concentric slots 
which are .050” deep. Only one cut has to be taken. Approx- 
imately 425 pieces are produced per hour on a 6-second 
cycle. The American Steel Package Company, Defiance, 
Ohio, produces a number of different condenser models, 
with air spacing ranging from .009” up to .042”. The slots in 
the shaft of Revere Free-Cutting Brass are all of the same 
width, regardless of air spacing, namely .014” plus or minus 
.0002”. It takes good machines, good tools, good men, and 
good metal to work that closely. A report from a Revere 
Technical Advisor who had collaborated with the company 
states: “Customer is outstanding in his praise of Revere 
Rod.” ... If you have a problem in the machining of brass, 
why not give Revere an opportunity to work with you? The 
Revere Technical Advisory Service is at your command. 


REVERE 


COPPER AND BRASS INCORPORATED 
Above, Model CS, smallest condenser, air space .009". Founded by Paul Revere in 1801 


Below, Model B, largest, air space .013". Rotor 230 Park Avenue, New York 17, New York 
shafts, shown in top illustration, are Revere Free- 5 - 

Cutting Brass, plates aiuminum. Made by The Mills: Baltimore, Md.; Chicago, Ul.; Detroit, Mich.; Los Angeles 
American Steel Package Co., Defiance, Obio, an im- and Riverside, Calif.; New Bedford, Mass.; Rome, N. Y. 
portant supplier to the electronics industry Sales Offices in Principal Cities, Distributors Everywhere. 
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DIE CAST 


KITCHEN 


Our Die Casting process is the short- 
est route between raw materials and 


finished product. We are anxious to 


assist you in your development work. 


APPLICATIONS...40 MORE 70 COME 


POENOVRWN— 


APPLICATION 


OF DIE CASTINGS 


IN MODERN KITCHEN EQUIPMENT 


lroner 

Clothes Washer and Dryer 
Refrigerator 

Electric Fan 

Kitchen Cabinet Hardware 
Kitchen Scole 

Slicing Machine 

Electric lron 

Floor Polisher 


. Refrigerator Water Bottle 


Cap Slide 


. lee Crusher 

. Casement Window Hordware 
. Venetian Blind 

. Plumbing Hardwore 


15. 
16. 
7 
18. 


19. 


Gorbage Disposer 
Orange Juicer 
Lighting Fixture 
Cup Dispenser 
Electric Waffle Iron 


20. Dish Washer 


21 


22. 
23. 
24. 


2 


Cream Whipper 

Drink Mixer 

Electric Knife Sharpener 
Bread Tray 

Kwik Cup Coffee Moker 


26. Cake Plate 


7 
28 
2 


Electric Sandwich Grille 
Food Mixer 
Food Chopper 


fes2ssetercerss 


. Large Serving Spoon 


Toaster 

Steom tron 

Sugar & Creamer Set 
Smoll Radio 

Paper Towel Brocket 
Coffee Grinder 

Gas Range and Thermostat 
Coffee Percolator 
Coobing Utensils 
Pressure Cooker 

Can Opener 

Kitchen Wall Clock 
Electric Switch 
Ventilating Fan 


©» Dorx'Ler-JARVIS CORPORATION 


The Worldi Largest Producer and Ginisher of Die Castings 


* GRAND RAPIDS, MICH. * 


PLANTS AT: TOLEDO, OHIO POTTSTOWN, 


mA ° 


BATAVIA, N. Y. 


EXECUTIVE OFFICES: 386 FOURTH AVENUE, NEW YORK 16, N. Y. 


CHICAGO, ILL. 





for the information of those who use 


SEAMLESS STEEL MECHANICAL TUBING 





@ From these “Gilt-Edge” distributors located throughout America, 
SHe_sy SEAMLESS STEEL TuBING is available. From the one most con- 
venient to you, you will be able to get not only what you need from his 
complete stock, but you will also find that he knows mechanical tubing 
from every angle and is keenly intevested in helping you solve your 
tubing problems. You can rely on him in all matters concerning me- 
chanical tubing and its applications, for in reputation, experience, and 
warehousing facilities, Shelby distributors are “tops” in the industry. 

No order is too small to get his prompt and courteous attention. 
You will like to do business with him. 








AUstin-Hoss: 
asti, 
Cambridge Pa Inc. 


Ca. Roberts Co. 


Chicago Seattle 
Ss 
Detroit be Seattle weed Company 


Nee louis 
ndianapolj 
Tul ; ; Str 
visa Pacific Mach Cleve e Sttlishe & tam 
D * Vregon ‘©. veland Co. 
io Metals @ 5 
ngeles “pply Co. ‘On Vinson 5 
— " , Dallas IY Company 
ye 
Ghiees & Co, Inc. 
Williams 
a 
Pittsbu, a Ine. 


Cincinnes; 





MADE BY THE WORLD'S LARGEST MANUFACTURER of steel tubular prod- 

lucts, SHELBY SEAMLESS STEEL TUBING is available in round, square, rectan- 

gular, and other special shapes, in any commercial size—from % to 10% 

inches OD, and ‘in wall thicknesses from .035 inch cold drawn . . . and in a 
ide range of steel grades and anneals. 


NATIONAL TUBE COMPANY, PITTSBURGH, PA, 
(TUBING SPECIALTIES DIVISION) 


COLUMBIA STEEL COMPANY, SAN FRANC, 0 
PACIFIC COAST DISTRIBUTORS 


UNITED STATES STEEL EXPORT COMPANY, REW YORK 


SHELBY SEAMLESS STEEL TUBING 


UN ITE OD wee SR eee 
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Effective sealing of 


metal-to-metal joints 


Effcctive sealing of metal-to-metal joints 
requires: (1) complete filling of the recessed 
gasket channel to provide maximum con- 
tact area between gasket and mating 
flange and (2) correct gasket compression 
to prevent seepage of the sealed medium 
or crushing of the gasket. 

Both of these requirements can be met 
with gaskets cut from truly compressible 
materials like Armsirong’s Cork-and-Rub- 
ber Compositions. 

To fill the channel completely, cork- 
and-rubber gaskets are cut to full channel 
width and, depending on compressibility, 
from 1.25 to 1.5 times channel depth. Be- 
cause these gaskets actually decrease in 
volume under load, they do not require 
relief for sideflow or excessively close 
gasket and metal tolerances. 

Correct gasket compression is also as- 
sured with the right cork-and-rubber com- 
position, Each cork-and-rubber material 
combines controlled amounts of truly com- 
pressible cork and non-compressible syn- 


Send for this Gasket Handbook 


You'll find useful application and 
specification data in the revised 24- 
page booklet, “Armstrong's Gasket 
and Sealing Materials.’ It tai 


discussions of the factors influencing 
modern gasket and joint design. it 
also suggests methods of putting 
A 





up-to-dete information on straight 
synthetic rubber, cork-and-synthetic- 
rubber, and cork composition gasket 
and sealing materials. 

This booklet includes ten technical 


g's stock materials to spe- 
cialized uses in such fields as radic, 
electrical, automotive, petroleum, and 
transportation industries. 

For your free copy, fill in coupon 
at right and mail today. 


thetic rubber. Hence it provides a prede- 
termined degree of compressibility to han- 
dle the desired range of flange pressures. 

Typical of the metal-to-metal sealing 
jobs done by cork-and-rubber is the in- 
strument flange in figure 1. Completely 
confined, the cork-and-rubber prevents 
seepage of the lubricating oil and permits 
perfect alignment of the gears. 

In figure 2, flat flanges were adapted to 
metal-to-metal sealing by inserting an an- 
nular shim. Here, cork-and-rubber com 
presses to form a tight seal without tend- 
ing to flow out of position. 

The high-pressure flange shown in figure 
8 utilizes a stop to prevent blowouts. By 
completely filling the confined volume, 
cork-and-rubber insures a tight seal. 

Effective sealing of metal-to-metal joints 
is but one type of job handled by Arm- 
strong’s Cork-and-Rubber Compositions. 
Your Armstrong representative will 
gladly help you apply these ver- 
satile materials to your application. 


ARMSTRONG CORK CO. 
Gaskets and Packings Dept 


7105 Arch Street, Lancaster, 

Please send me at once a free 
new 24-page booklet, 
Sealing Moteriols.” 
NAME 

COMPANY 

ADDRESS 

city 


copy of the 
“Armstrong's Gasket ond 


AVIA he PITAL Ee 


GASKETS © PACKINGS « SEALS 
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Link-Belt High- 
Speed Silent Chain 
Drive from a 100 HP 
motor to line shaft of 
world's fastest news- 
paper printing press 
... Silent Chain oper- 
ating in oil-tight cas- 
ing, runs at 3850 or 
4700 feet per minute, 
the speed being pre- 
set through a two- 
speed gear box. 


Link-Belt Silent and Roller Chain Drives are Com- 
pact—Save Space 


Link-Belt Silent and Roller Chain Drives are Posi- 
tive—No Slip 


Link-Belt Silent and Roller Chain Drives are Shock 
Absorbing—Not Shock Transmitting 


Link-Belt Silent and Roller Chain Drives are Strong 
—Save Weight 


Link-Beit Silverstreak Silent Chain with segmental bush- 
ing and round pins insures efficient, long, trouble-free life. 


LINK-@-BELT S% 


SttenrT CHAIN DBRIVES 
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Positive CHAIN DRIVES 


Higher operating speeds of Roller Chains and 
Silent Chain Drives emphasize the importance of 
quality of materials, construction, and workman- 
ship found in Link-Belt Chains of these types. 


Multiple-width Link-Belt Precision Steel Roller 
Chains on world's largest oil field power rig, cou- 
ple two engines to final drive shaft and drive 
slush pumps. 


Link-Belt Precision Steel Roller Chains in sizes from 
%” to 24%” pitch, single and multiple widths, and Silver- 
streak Silent Chain in sizes %” to 2” pitch are available 
from stock. Hundreds of stock sprocket sizes make stock 


drives available for most chain drive applications. 


A Link-Belt Engineer is near you to serve you. 


Sextuple width Roller Chain 
LINK-BELT COMPANY Ves with Shepherd's Crook Cotters de- 


Indianapolis 6, Chicago 9, Philadelphia 40, Atlanta, Houston 1, Minneapolis 5, signed to resist impact, shock and 
San Francisco 24, Los Angeles 33, Seattle 4, Toronto 8. Offices in Principal Cities. vibration. 
’ 


- LINK<)-BELT Feccsion F 


. oat en eee oe. 2. ee 2 2 ee 


Propuct Enciverrmvc — May, 1950 





FIELD 
SERVICE 


How MICRO SWITCH ENGINEERING 
provided just the right precision switch 


Tilustration shows location 
in tape recorder of two 
MICRO precisionswitches 
which perform the func- 
tions of “forward” and 
“rewind” limit switches. 
These switches ar2 sensi- 
tive to respond to delicate 
operating conditions ... 
sturdy enough to operate 
atall times without failure. 


Tape recorders are precision instruments, 
built for long, hard service . . . often in the 
hands of inexperienced operators. 

Few precision switch requirements, therefore, 
are more exacting than those brought to 
MICRO SWITCH ENGINEERING by the 
design engineers of a Midwestern manufac- 
turer of the recorders. 


The need was for two small, precise snap- 
action switches to serve as “forward” and 
“rewind” limit switches. These switches had 
to be sensitive enough to respond to delicate 
operating conditions ... yet sturdy enough 
to operate at all times without failure. 

Out of a wealth of experience with every 
known type of precision switching problem, 
MICRO SWITCH engineers provided two 
switches which have cmueatel 

fully that the manufacturer tells us that 
there hasn’t been a single instance of per- 
formance failure. 


80 success- 


This is but one of more than 4600 different 
switching requirements that MICROSWITCH 
ENGINEERING has met and solved. It is 
one more example of why thousands of de- 
sign engineers have come to rely on MICRO 
SWITCH products as basic components. 


Your switching problem may be one we have 
alreadyssolved for somebody else. It may be 
entirely new and different. In either case, 
you can save time by inviting the cooper- 
ation of MICRO SWITCH engineers whose 
recommendations have met the needs of more 
than 4600 applications successfully. Call or 
write MICRO SWITCH, Freeport, Illinois, 


or any of our branch offices. 











PRODUCT 
DEVELOPMENT 


There is always NEWS for 
Design Engineers in 


MICRO SWITCH ENGINEERING 


development 





Here is the 
NEW MICRO SWITCH 
- Subminiature...a tiny 
switch for big jobs 


This extremely small MICRO precision switch opens a 
new field of uses for snap-action precision switches, where 


small space or light weight are importont factors 


With less than VW/l Sth the volume ond weight of the 


standard MICRO snap-action preci: witch, the new 
Subminicture measures 49/64” long, by %” high, by 
V4" wide ‘ 


Enclosed in a plastic case, it is provided with pin plunger 


actuotor. The circuit arrangement is single-pole, double 
throw. Terminals are of solder lug type 

Electrical capacity tests indicate a rating of 5 amperes 
115 to 230 volts o-c und 2 ampere 28 volts d- 









MICRO SWITCH ENGINEERING 
provides wide variety of rugged 
housings for protection, mounting 
means, conduit connections and 

versatile application © 


1) Micro-Limit heavy duty housing with 
roller arm adjustable in 870 positive 
lock positions through 360 degrees. 
Sealed against entrance of dirt, dust 
or moisture. 


8 Die cast housing with sealed roller arm 
actuator for fast com operation. Avail- 
able in four other actuator designs and 
for side or bottom mounting. 


Sealed plunger actuator housing for en- 
closing one or two small V3-1 switches. 


4) Explosion-proof housing for use in haz- 

ardous and explosive atmospheres. 
Supplied with either plunger or roller 
orm actuator. 


5) Splash-proof housing for use under 
conditions where there is splash of oil, 
woter, coolants or other liquids. Also 
supplied with plunger actuator. 


© LMR Rotary Actuator housing with 


mounting holes for four position mount- 
ing on either face. 


MICRO... first name in precision switches 


BRANCH OFFICES: Chicago * New York * Boston * Cleveland + Chatiancoge * Los Angeles 
SALES REPRESENTATIVES: Portiond * St. louis + Dalles * Toronto 
‘ 


Copr. 1950, Minneapolis Honeywell Reguictor Ca, 





you can 6e SURE.. ie irs 


Westinghouse 


DO NOT 
LUBRICATE 


Why take a chance with 
“Once-in-a-while” lubrication? 


Why fuss with motors that require lubrication 
“every so often?” Whether it’s monthly, yearly, 
every two or three years, or just an indefinite 
“sometime,” it is as much trouble remembering 
when to lubricate, as it is to do the lubricating. 
And it certainly isn’t a very good way of making 
sure bearings get proper greasing attention. 

There is one way to be sure. That's with 
Life-Line motors. Lubrication is positive. Bearings 
are pre-lubricated and factory-sealed. No further 
lubrication is required! 

This is the modern way of lubricating motors. 
Development of special lubricants, up-to-date 
manufacturing methods and special seals have 
made it possible. 

Records of nearly half a million motors, operat- 
ing in every type of industry, indicate that pre- 
lubricated bearings offer: an average saving of 


$2.70 yearly per motor . . . 41% fewer motor 
outages due to faulty lubrication . . . complete 
freedom from lubrication attention. 

Today, periodic lubrication is a costly nui- 
sance. So why take a chance with it when 
Life-Line offers positive lubrication at no extra 
cost. See for yourself. Ask your Westinghouse 
representative for a copy of “Facts on Pre-Lubri- 
cated Bearings,” B-4378, or write Westinghouse 
Electric Corporation, P. O. Box 868, Pittsburgh 
30, Pennsylvania. j-21559 





am If you figure LIFE-COSTS ... you'll figure LIFE-LINE —— 
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Only©/py gives you 
3 WAY DEPENDABILITY 


Regardless of its design or material used in its sealing 
elements, what you want an oil seal is complete de 
pendability. Under all circumstances, it must retain 
lubricants withim the mechanism, effectively exch 
moisture and foreign matter and give long, trouble-free 
service. That’s dependability and that’s what helps 
sell your product 

That is why Chicago Rawhide is so important to you 
When you choose Chicago Rawhide oil seals you get 
unmatched research and manufacturing experience in 
these three specialized fields 
Oil SEAL DESIGN—-Since the days when Chicago Raw 
hide made early automotive oil seals, more motor ve 
hicles, farm implements and industrial machines have 
been equipped with Chicago Rawhide seals than with 
any other shaft-type sealing devices 
LEATHER PACKING ELEMENTS—For more than seventy 
years Chicago Rawhide’s Sirris Leather Division has spe 
cialized in the development and manufacture of leathers 
for fluid retention and other mechanical applications 


ENGINEERS: We will be pleased to send 
you engineering data on “Perfect” Oil 
Seals on receipt of your written request 


SYNTHETIC RUBBER ELEMENTS—Chicago Rawhide were 
pioneers in the development of oil-resistant synthetic 
rubber for sealing purposes. Today Chicago Rawhide 
Strvene synthetic rubber products are in use all over the 
world under the most difficult operating conditions 
Only Chicago Rawhide oil seals give you this three- 
way assurance of dependability. You can always be sure 


that Chicago Rawhide “ Perf Oil Seals will be right 
for your job 


Chicago Rawhide engineering service is always available for 
the solution of your particular sealing problems 


CHICAGO RAWHIDE MANUFACTURING (CO. 

1299 Elston Avenve OIL SEAL DIVISION Chicago 22, illinois 
Chicago Rawhide Manufax g Compony specializes in mechani 
ing and protective products: oil seals and specio! diaphragms 


goskets, washers ond packings of Sirvene synthetic rubber and 





mechanical leather 


JER EE ST 
Oil Seale 








oF This is a custom-built fulcrum seal. Designed 
specifically for tractor use, it seals the opening through 
which the gear shift lever passes into the transmission. 
This Sirvis leather prevents all foreiga matter from 
entering the transmission, and even under toughest 
operating conditions, it makes certain dependable per- 
formance. 

Sirvis packings, like all Sirvis mechanical leathers, 
are made to deliver long, rugged service. Engineered 
from the unblemished center portion of select steer- 
hides, they are used to seal oil, water, air or other fluids 
and gases under various pressures and temperatures. 

When you need positive protection for vital machine 


For detailed information abovt 
Sirvis products, write for the 
free Chicago Rawhide catalog. 


Sirvis 
Packings 


parts, consult Chicago Rawhide Sirvis engineers. Draw- 
ing upon their vast knowledge, experience and manu- 
facturing facilities, they wil! supply a Sirvis boot, cover, 
diaphragm or packing to fulfill your most exacting 
requirements. 


CHICAGO RAWHIDE MANUFACTURING CO. 
1299 Elston Avenve SIRVIS DIVISION = Chicago 22, Illinois 


Chicogo Rawhide Manufacturing Company specializes in mechanical seal- 
ing and protective products: oil seals and special diaphragms, boots, 
goskets, washers and packings of Sirvene synthetic rubber and Sirvis 
mechanical leather. 


A 














Here’s a million-dollar question: 


How many 


UNCOUNTED 
OPPORTUNITIES 


HAVE YOU...t increase 


your product’s sales? 


Give a product a useful new feature . .. give 
it the ability to supply to its users exact 
fects-in-figures on its performance or produc- 
tion...and you apply a powerful booster 
tc 
This has been proved to manufacturers in 
almost every industry who have built Veeder- 
Root Counters into their products as integral 
parts, to count everything from coins inserted 
to parts produced. Few counter uses are alike 
..many were not apparent at all until a 


Veeder-Root engineer ws called in to see if 
he could figure one out. And today, it’s worth 
anyone’s time to find out if he can count his 
way to new sales (perhaps even new markets) 
with the competitive selling advantages 
gained by built-in Veeder-Root Countrol. 
How about your products? Write. 

VEEDER-ROOT INCORPORATED, HARTFORD 2, CONNECTICUT 


In Canada: Veeder-Root of Canada, Led., 955 St. James Street, 
Mootreal 3. In Great Britain: V eeder-Root Led., Kilspindie Road, 
Dundee, Scotland. 





Veeder-Root |MClOiiNiTIERIS 
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Genera: Electric siucone insulating 
resins provide a new class of electrical 
insulation—particularly useful where 
equipment must operate at high tem- 
peratures or is subject to overloads. 


General Hectric silicone anti-foam 
egents reduce tendency to foaming in 
Bumerous processes and products 
have many wide applications in the 
chemical and allied industries. 


cants—oils, greases and emulsions — 
help rubber molders and die-casters 
make better-looking products more 
easily, efficiently and economically. 


General Bectric silicone dielectric 

provide stable, waterproof 
seals for use in ignition systems, plas- 
tics insulators, electronic and many 
other kinds of equipment. 


General Hectric silicone rubber, gum 
and compounds permit fabricators to 
make dozens of new and profitable 
items with characteristics unobtain- 
able with other types of rubber. 


offer manufac,arers the opportunity 
to make paints, lacquers, and baking 
enamels with exceptional heat, weather 
and chemical resistance 


There's a place in almost every business for 
some Genera! Electric silicone produa And 
almost every day some new way is found to 
apply the chemical inertness, temperature- 
resistance and flexibility of silicones. 

Perhaps the examples above may suggest 


some use you can put them to. Like so many 
other manufacturers, you may find that these 


remarkable materials enable you to make 
different, better or more profitable products 
than ever before. 


To find ovt more about G-E silicones and 
their place in your business, just write to 
Section F1, Chemical Department, General 
Electric Company, Pittsfield, Massachusetts. 


GENERAL ELECTRIC 


CDS0-F1 
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SELF-ALIGNING DOUBLE ROW 





RADIAL BALL BEARINGS 


Wherever shafts bend or deflect beyond the norm—where it 
is impossible to machine the housings in line, or when hous- 
ings are mounted on separate structures and perfect align- 
ment is impossible—Federal Self-Aligning Double Row Radial 
Ball Bearings meet the need for correcting such misalignment. 

These versatile bearings are engineered so that the balls, 
spacer and inner ring always rotate freely within the spherical 
outer race at a considerable angle on either side of normal 
without binding or additional strain on the bearing parts. As 
a result, they are quiet-running, smooth-aligning and durable 
—solve problems which cannot be handled by ordinary radial 
bearings. 

Federal Self-Aligning Double Row Radial Ball Bearings 
are made in light, extra-light, medium and heavy series; in 
regular and wide types for any load requirement; and in 
adapter and wide inner ring types for securing at any point 
along a plain or shoulderless shaft. 

They're all described in our catalog “K,” which covers the 
complete Federal line...every type and size, shielded and 
sealed... for every anti-friction need. (A few of the many types 
are shown here.) You'll also find ball bearing selection charts 
to help you compute bearing loads, determine capacities at 
every speed, and select the type and size ball bearing best 
suited to your application. Write today for your copy of this 
260-page catalog. 


THE FEDERAL BEARINGS CO. INC. + POUGHKEEPSIE, N. Y. 





FEDERAL BALL BEARINGS 


ONE OF AMERICA’S LEADING BAIL BEARING MANUFACTURERS 


Propuct Encrneermnc — May, 1950 





New 52-page handbook 
for makers of hollow parts! 


F you’re looking for ways to improve quality and cut 
costs in making bullow or circular parts, this 52-page 
handbook will prove a gold-mine of information. 


It tells how you can save machining time, reduce scrap 
loss and boost production through the use of Timken® 
seamless tubing. It shows why the fine forged quality of 
Timken tubing gives you a better product—with uniform 
grain flow, stronge: all the way through. It gives all the 
details you need to know about types and sizes of tubing 


YEARS ANHEAD— THROUGK EY PERIENCE AND RESEARCH 
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Advantages of tubing 
/ tor hollow parts 


How to plan for less waste 
Tubing types and sizes 


— finishes 


Se tolerances 


Allowances for machining 


and surface finishes. It shows how to plan for minimum 
wasie—gives thickness, straightness and concentricity 
tolerances and tells what allowances to make in choosing 
the most economical tubing for your job. There's a lot 
more information as well—tables, formulae and other 
technical data that you'll find of constant value. 


You need this handbook for your files now. For your free 
copy, write The Timken Roller Bearing Company, Steel and 
Tube Division, Canton 6, Ohio. Cable address:“TIMROSCO”. 


Specialists im alloy stee! —inciuding hot rolled and cold Amished alloy 
steel bars—a complete range of stainless, graphitic and standard tool 
analyses —and alioy ani starnless seam/ens steel tubing 








| . * 9? 
«designed right—m the right plastic 


HERE’S HOW A MOLDER’S 
KNOW-HOW 
plus 


STYRON 


solved another 
production problem! 


Your fabrication problems in plastics can be solved quickly and 
economically by a qualified Custom Molder. His designi 
know-how plus his experienced selection of the right plastic 
from a wide range of Styron (Dow polystyrene) formulations 
will give you more pieces per dollar. 

Extensive design and engineering facilities are maintained by 
the Custom Molder to serve you competently. Staffed by tech- 
nicians with long experience in engineering the correct plastic 
into finished products, the Custo.n Molder furnishes you with 
firsthand information on the properties and performance of 
various plastic materials. 

The Dow Chemical Company works with Custom Molders to 
help them utilize Dow Plastics to the best advantage in your 
products. Write Dow today and let us put you in touch with a 
qualified Custom Molder who can solve your problems. 


Plastics Division— Dept. SOT-24 
THE DOW CHEMICAL COMPANY « MIDLAND, MICHIGAN 


ANOTHER PLASTIC MOLDING CASE HISTORY 


Styron was specified by the moider for this Mechenice! Toy 
Dishwasher. This choice meant mess production at low unit 
cost becouse Styron has lower material and finishing costs, 
allows faster assembly and provides finished product quelity 
compeorable to very high priced toys. 





New York © Basten © Philadelphia © Washington © Allants © Cleveland © Detrelt © Chicage > St Louis © Houston © Sam Francisco © Los Angeles © Seattle © Dow Chemical of Conadc, Limited, Torente, Conds 
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WILLIAMS TOOL COMPANY, 
Brantford, Ontario, Canada 
selects Texrope Automatic Sheave 


for Pipe Threading Machines! 


ive Efficient, Accurate 
Machine Tool Speeds! 


H™: ANOTHER EXAMPLE of the 
versatility of Texrope Automatic 
Sheaves! Instantly stepless speed var- 
iations were required on these pipe 
threading machines to match the diam- 
eter and type of material being threaded. 

After considering many other means, 
Williams Tool Company installed a 2- 
groove R Section Vari-Pitch Automatic 
Sheave with 5.25 in. to 10.0 in. pitch 
diameter and a 7.2 in. pd companion 
sheave with clutch built into the hub. 

This combination, plus a four-speed 
transmission gives them stepless speeds 
of 5.95 rpm to 34.7 rpm.- And, be- 
cause of the small size of the drive, it 


mounts in the small available space 


without change in machine design! 
GET BROAD APPLICATION 


Vari-Pitch Automatic sheaves can re- 


Vari-Pitch and Texrope are Allis-Chalmers trademarks. 


ALLIS-CHALMERS 


place almost any standard sheave on 
drives from 144 to 40 hp (special to 
60 hp) ... will give you stepless speed 
changes in a matter of seconds... . 
overall speed ratios of as high as 2 to 1. 


HOW IT WORKS 


TO GO FASTER 10 GO SLOWEK 
\e 


Move Motor Toward Move Motor Away 
Driven Machine FromDriven Machine 


CHANGE SPEED WITH ONE HAND 
WHILE MOTOR IS RUNNING 


For complete information on diameters 
and number of grooves, send coupon 
or check with your nearest A-C Sales 
Office or Authorized Dealer. 


&) 


MAIL COUPON FOR 
HELPFUL LITERATURE: 


ALLIS-CHALMERS, 1002A SO. 70 ST. 
MILWAUKEE, WIS. 


Please send me the Siterature checked 
below: 


[} 1. VeriPitch Automatic Sheaves — 
Section 20-P-50 (Part 4) 

[] 2. Handy Guide for Quick Selection 
of standord Texrope Drives ~— 
Bulletin (2086051) 


Address 


3 = = 


ORIGINATORS OF THE MULTIPLE V-BELT DRIVE FOR INDUSTRY 
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S-t-r-e-t-c-h the work range of the machines you 
design or build. Give them extra work capacity by incor- 
porating Reeves Speed Control as standard equipment. 

With Reeves applied to your new models, you re- 
place outmoded, inflexible fixed speed operation with 
accurate, infinitely variable speed control. Unit cost is 
reduced; uniformity of product is assured; operating 
range is expanded to permit the handling of more 
different shapes, sizes and materials . . . because REEVES 
delivers exactly the right speed for every operation and 
every operator under every changing condition. 

Reeves is the easiest and most economical of all 
variable speed mechanisms to build into your ma- 
chines. The Reeves line is complete. Almost always, 
you'll find a standard design, size, capacity and speed 
ratio that blends perfectly into your blueprints. For use 
within the machine framework, REEvEs also furnishes 
“Internal Operating Parts.” You also have a choice of 
manual, push-button or automatic controls. 

To widen the work range of your machines or im- 
prove their performance in any of the eight ways listed 
opposite, insist on Reeves Speed Control, standard on 
more than 2,100 different makes of machines. Let a 
Reeves field engineer look at your speed control prob- 
lems. His assistance is given gladly, no obligation. 


The Three Basic Reeves 
Speed Control Units, 


Somes 


@ 


ZAUA) 


* 


REEVES Performs These Eight 
Basic Functions for Your Machines! 


. Handles more sizes, shapes and matericis. 

. Matches variances in number or skill of operators. 

- Compensates for changes in consistency, density or 
viscosity of materials in process. 
Accurately controls heating, baking, drying, cooking 
or chilling time. 

. Maintains uniform peripheral speed (or tension) on 
decreasing or increasing diameters. 

. Maintains uniform pressure, weight, liquid level, tem- 
perature and other variable elements. 

. Regulates conveyor speeds—even to fractions of an 
inch per minute. 


. Synchrorizes al! working parts—of one machine or 
machines operating in series. 


Free! the most comprehensive book on 
speed contre! ever published! A copy belongs 
in every mechine designer's Giles. Write fer 
complete REEVES Catalog K29-3N. 


The Latest From Reeves for 


Your Light Machinery 





range into your machines ; 


Control 


Left: This Four-Post Power Press, 
monvufactured by the Waterbury 
Forrel Foundry & Machine Com- 
pany, Waterbury, Conn., is stand- 
ardly equipped for variable 
speed with a REEVES Motodrive. 
This variable speed unit permits 
the operator to vory mochine 
speeds between 100 and 300 
rpm, depending on the type of 
work and the thickness or compo- 
sition of the material being proc- 
essed. The press is a patented 
type, design of which emphosizes 
high speed in combination with 
accurate tool a‘ignment. 


Above: This 55-ton Tablet Press, monv- 
factured by the Arthur Colton Company, 
Detroit, is powered by o 7% hp motor 
and is stondardly equipped with a No. 
66 REEVES Vori-Speed Motor Pulley. 
The press is designed for pre-forming 
and molding plastics, powdered meto! 
ond ceramic pieces of round and odd 
shapes, plain or with cored holes. The 
REEVES Vari-Speed Drive wicens the 
work range of the press by permitting 
it to run ct maximum speeds on small 
work ond at decrecsed speeds for 





Above: A No. 4 REEVES Variable Speed 
Transmission, with speed ratio of 6:1, is 
standard equipment on this 12” x 24” 


work requiring greater die-fill time. (in- 
set is schematic drowing showing hook- 
up of REEVES unit.) 


low frame, open front, direct action Hy- 
draulic Lift Embossing Machine, manvu- 
factured by the Meadows Machine 
Works, inc., South Kearney, N. J. This 
variable speed unit permits the han- 
dling of an exceptionally wide range of 





materials, including coated fobrics, ; ~ accurate - variable 
steel! rolls calender various effects, or- 
namental designs, etc., to the fabric 


cooted and uncocted poper, and un- ff / 
tda¢ 
EVES Fe pidiad 
being run. The REEVES Transmission ol- 


supported plastic film. By means of 

Pressure and heat, specially engraved 

Bone eee ie menial pene | REEVES PULLEY COMPANY + COLUMBUS, INDIANA 
Recognized Leader tn the Specta hiyed Field of Speed Control Engineering 7 





SMALL COMPACT HIGH- 

PRESSURE PUMP WITH GRAPHI TAR 
VANES AND END-PLATE BEARINGS 

started in continuous operation April, [949 — 


still running smoothly today 


THE UNITED STATES GRAPHITE COMPANY 


26 Propuct ENGINEERING — May, 1950 





GRAPHITAR J: Versatile. Self-lubricating, lightweight, highly 
resistant to wear and temperature extremes, Graphitar is the 
ideal material for seals, bearings, pistons, cylinder liners 

and many other parts. One great Graphitar feature is resist- 
ance to chemical attack, even by concentrated acids such as 
hydrofluoric and hydrochloric. We are equipped to 


produce Graphitar parts in any practical size and shape. 





Smaller parts can be ground to tolerances as close 

as .0005”. Send us sketches or descriptions of your 
products and let our engineers advise how 
Grapbitar parts can improve the efficiency of your 


products. Write for our new 64 page catalog. 


DIVISION OF THE WICKES CORPORATION + SAGINAW, MICHIGAN 
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PACKAGED ADJUSTABLE-SPEED 
CUSTOM-ENGINEERED FOR YOU! 


Yes, these and many other features of Thy-mo- 

trol®—features that make it the most ac- 

curate, most versatile, and fastest-acting of all , 
General Electric packaged adjustable-speed Any speed range from 5:1 
drives — are now standardized with new “build- wp to 100:1. Select the 
ing block” flexibility. That means you can 


der this wonder-working, ali-electronic sys- STAN D ARDIZED 
m with just the combination of standard and 

ptional features you need. Already service- 
roved on thousands of machines, Thy-mo-trol THY- M 0-T RO L 
ow more than ever meets your most demand- 


hg requirements. In addition, and at lower DRIVES 


st, its new “building block” design allows you 











many instances to use it economically for 
bur less exacting applications. Made in stand- —with featur es like these oo 
d ratings from 1/40 to 30 hp, it’s fully d 
eee ney eee Seem oe teamed to meet your = gue tor oo toes 
bed in Bulletin GEA-5337. of wtihie the 
most exacting needs! nn a ag 


Preset speed with push- Complete speed contro! 
using geared or com-driven button control of any oper- inimize the possibili from start to stop —includ- 
potentiometers, selsyns, or ating, jogging, or creeping damage should the i ing leration, decel 
reactors. speeds. jom or be overloaded. tion, and reversing. 


GENERAL ELECTRIC 
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TO TEST 
METAL PARTS 
—QUICKLY! 


Here's a fast, economi¢al way to reduce scrap loss due to 
mixed material or incorrect processing of ferrous or non- 
ferrous parts. Comp their composition, heat treatment, 
hardness, or plating thickness against a standard by means 
of the General Electric metals comparator. Equipment com- 
prises an electronic unit mounted in a steel cabinet, plus 
either a test coil (shown) or a test head, depending on 
the shapes of parts to be tested. Cperates from a single-phase, 
60-cycle, 110-volt supply. See Bulletin GEC-566. 





TO ADJUST 


LOW-RANGE SPEEDS 
—STEPLESSLY! 


Newest line added to General Electric's Tri-Clad motor 
family is the a-c adjustable-speed gear-motor for stepless 
speed adjustment in the low ranges. In standard ratings from 
3-15 hp, 35/12 to 602/201 rpm, this compact unit combines 
a standerd type ACA motor with an AGMA Class II open 
horizontal gear unit. Result: mounting is easier, space is 
saved, installation and i costs are cut. What's 
more, efficiency is high because of low motor and gear losses. 
See Bulletin GEA-4883. 





TO CHECK 
TEMPERATURES 
—ACCURATELY ! 


Most temperatures commonly met in industry can be accu- 
rately, remotely measured with General Electric temperature 
indicators. In two types, they provide a wide temperature 
span and high speed of response. Resistance thermometers 
cover the range up to 300 F, have a minimum span of 150 
F each and an accuracy up to +1 per cent. Thermocouple 
thermometers, with round or square cases, measure from 
—50 to 3000 F with a minimum span of 250 F each, are 
accurate to +2.5 per cent, and, with accessories, can be 
used portably or panel ited. See Bulletin GEC-565. 
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\ PRODUCT 


HIGHLIGHTS 





Versatile Transformer 
FORA 


Variety of Voltages 











Here's a point to remember: 
Standards recently recom- 
mended by the Joint Indus- 
try Conference are more 
than met in General Elec- 
tric’s complete line of ma- 
chine-tool control trans- 
formers. 


The all-purpose (multi- 
tap primary ) group is made 
in ratings from 0.150 to 3.0 
kva for both 50- and 60- 
cycle circuits. Equipped with eight primary taps—208, 
220, 380, 400, 416, 440, 500, and 550 volts—110/92-volt 
secondary, these versatile units fit practically every input- 
voltage condition, reduce inventory and storage costs. 
Compact design saves panel space, simplifies wiring. 
Built-in protection against damage from short circuits 
and sustained overlo':d is also included. For more infor- 
mation, write for Bui'!-““1 GEA-4887. 


Generc! Electric Company, Section F666-81 
Apparatus Department, Schenectady 5, N. Y. 
Please send me the following bulletins: 

\ for references purposes 

Xin ction with di Projects 
() GEA-4883 — Adjustable-speed gear-motors 
() GEA-4887 — Machine-tool formers 
C) GEA-5337 — Thy-mo-trol drives 
[) GEC-565 —Temp indicat 
() GEC-566 — Metals compearctor 
CONSULT YOUR McGRAW-HILL ELECTRICAL CATALOG FOR 
PRODUCT ENGINEERS! Ycu'll find “everything electric’ for ma- 
chinery manufacturers in the General Electric section. 



































You Would Find “i 


EARINGS 


THE HEIM 


FAIRFIELD 


HEIM UNIBAL SPHERICAL BEARINGS 


Whether your bearing application is large or small, 
our engineering department will be glad to demon- 
strate how HEIM Spherical Bearings with the single ball 
can improve the performance and service life of your 


machines. 
Catalog on request. 
Distributors in principle cities. 


COMPANY 


CONNECTICUT 
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LAMSON LOCK NUTS: Econom. 
ical, vibration- proof. Can be 
re-used poet 


"1035" SET SCREWS: Cup point 
type, hardened, heat-treated. 


COTTER PINS: Sceel, Brass. Alu- 
minum and Staioless Steel. 


— NUTS: Cone, Barrel, 
Oblong, Plier, Tri-Slot, Half 
round, etc. 


CASTLE 


LAMSON 
LOCK 
HEXAGON 
SQUARE SEMI. FINISHED 
HOT PRESSED 
PHILLIPS AND CLUTCH HEAD: 


Machine Screws and Tapping 
rews. 


MARSDEN 


MILLED STUDS: Concentric, 
accurate, ina full range of sizes. 


©) It takes two to complete a “fastener team”. . . a bolt and a nut. 
Quality bolts deserve the plus values found in Lamson nuts 
. the accurate fit and dependable holding power. 


“BENT* BOLTS: Including U 


Lamson makes many different types of nuts in hundreds of Bolts, Eye Bolts, Hook Bolts, ete. 


shapes, styles and sizes . . . a nut for almost every purpose. 


Whether you need standards or specials, in plain, plated or stainless steel— 
in brass, bronze or aluminum, Lamson makes them all. 


Think of Lamson nuts when you buy bolts . . . and buy both/ 


The LAMSON & SESSIONS Ca. 


General Offices: 1971 West 85th Street, Cleveland 2, Ohio 
Plants ot Cleveland and Kent, Ohio ¢ Birmingham ¢ Chicago 


WEATHER-TIGHT BOLTS: Eliai- 
nate counter-boring in wood 
assemblics. 


nd 


PIPE PLUGS: Forged Steel, 
heat-treated 


MAKERS OF FINE FASTENERS SINCE 1866 
F A. 
Ig 


BOLTS ¢ NUTS © SCREWS © COTTERS © STUDS © RIVETS © SPECIALS ¢ SCREW MACHINE PRODUCTS 


FOR MORE INFORMATION 
ON LAMSON Money-Saver 
FASTENERS CHECK 
COUPON and CLIP THIS STRIP 
The Lamson & Sessions Company 
1971 W. 85th $t., Cevelend 2, Ohie 


st 
7 
= | 
7 
{t 
7 
, 
1 
= | 
1 
f 
= | 
= | 
| 
| 
! 
| 
| 
| 
| 
! 
» 
z 
2 
Bed 
E 
s 
° 
z 
° 
: 
on 
> 
? 
! 
! 
| 
! 
| 
h 
! 
! 





ANOTHER IMPROVED PRODUCT 
BY A MANUFACTURER 
USING A DU PONT PLASTIC 


‘aS 





NYLON PLASTIC KEEPS BELL HELICOPTER 





TRANSMISSION 


WORKING OVER 40 TIMES LONGER 


Combination of economy and operating properties, found only in molded Du Pont nylon, 
solves problem of making efficient bearing cages 


NCREASE in service life of transmis- 
sion from 25 hours to well over 1000 
urs—that’s the success story of 
olded nylon bearing cages used in 
e Bell helicopter transmission. 
| Three years ago Bell Aircraft began 
mbly-line production of its Model 
7B helicopter. They met with trouble 
the bearing cages of the transmis- 
n. It was found impossible to get 
er 25 hours of reliable service life 
om any standard anti-friction bear- 


THE NYLON BEARING CAGE is a key part of 
this improved pinion assembly, which has increased 
the service life of the Bell helicopter transmission 
from 25 to over 1000 flight hours. (Bearing cage 
molded by Peerless Molded Plastics, Inc., Toledo) 


32 


ing small enough for the job. 

A long search was begun for a satis- 
factory part to conform with Bell's 
exacting specifications. Some mate- 
rials cost too much, others could not 
meet all service requirements, particu- 
larly for the lower stages, which bear 
the brunt of the load. Then they tried 
molded nylon cages, and nylon was 
the answer. Since the advent of nylon 
cages, no bearing failures have been 
reported even in helicopters with over 
1000 flight hours. 

Nylon’s properties solved the prob- 
lems encountered in this application. 
Its light weight keeps centrifugal loads 
to a minimum. Its excellent bearing 
properties call for the barest lubrica- 
tion. Hard and tough, nylon absorbs 
shocks and vibrations. And it’s readily 
and economically molded in simple or 
intricate shapes, and to the closest 
tolerances. It maintains dimensional 
stability even in light sections. 

Nylon’s outstanding combination of 
properties may help you solve design 
and production problems at actual 


cost savings. For more information on 
nylon and other Du Pont plastics, 
write today for free literature. E. I. 
du Pont de Nemours & Co. (Inc.), 
Polychemicals Department, Plastics 
Sales Offices: 350 Fifth Avenue, New 
York 1, N. Y.; 7 S. Dearborn Street, 
Chicago 3, Ill.; 845 E. 60th Street, 
Los Angeles 1, Calif. 


REG. U.S. PAT 


PLASTICS 


Better Things for Better Living 
.. throwgh Chemistry 
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the Name is... FAIRBANKS-MORSE 


Here's CUSTOMER APPEAL’ for You / 


tir-Gap Motor 


Motor users have been quick to add the advantages 
of the Axial Air-Gap Moter the motor that is 
lighter than conventional types by 30°; shorter 
by over 40% 


vincing amount of “customer appeal” to anyone in- 


These advantages add up to a con- 


terested in a more compact, stre amlined and attrac- 
tive driven machine. Too, Axial Air-Gap Motors 
offer additional appeals: they have a minimum 
number of parts, are easy to service and lend them. 
selves to simple mounting — horizontally, vertically 
or right angle pivot base. Available as polyphase 
squirrel cage and capacitor start single phase mo- 
tors — up to ten horsepower they deserve first 


consideration for a wide range of applications. 


Send for Axial Air-Gap 
Motor bulletin! 


Bulletin 2760 gives the whole story on 
Axial Air-Gap Motor design, application 
and construction. Write or call your nearest 
Fairbanks-Morse branch office (listed on 
these pages) for your copy 


Reduced over- 
hang, thanks to the 

= Axial Air-Gap Motor, 
is a decided asset on 
this modern saw. 


A ¥% horsepower 
Axial Air-Gap Motor 
adds much to the appear- 
ance and performance of 
this gearless floor polisher. 


This drum hoist is lighter, more com- 
pact through the use of the Axio! Air- 
Gap Motor 








THESE ARE Your FAIRBANKS-MORSE sAtes centers 





ATLANTA 3, GEORGIA 
760 Lee S., 5S. W 
Amhbvurst 7701 

BALTIMORE 18, MD 
2010 Lovegrove Si 
Belmont 5258 

BIRMINGHAM 1, ALA 
626 N. Ninth St. Zone 4 
36546 


DALLAS 2, TEXAS, 1713 N. Market Street , 


BOSTON 10, MASS 
178 Atientic Avenue 
ley. 33600 

BUFFALO 4, N.Y 
1011 Jefferson Ave 
Lin. 4210 

CHICAGO 5, ILLINOIS 
1550 S. State Sr. 

HA 7.7100 


CINCINNATI 2, OHIO 
49 Central Avenue 
Main 3010 

CLEVELAND 14, OHIO 
2810 Superior Ave 
Main 5480 

COLUMBUS 8, OHIO, 
1034 Goodale Bivd 
Walnut 8581 

Centre! 4347 





the Name is... 


Heres CUSTOMER APPEAL for You / 


Here are the motors with 
indestructible copper-spun rotors! 


Here is an exclusive feature of Fairbanks-Morse polyphase 
squirrel-cage motors —a one-piece, centrifugally cast cop- 
per winding that, to a greater extent than other types, is 
dense, ductile, strong — with higher conductivity and lower 
thermal expansion. This is heavy duty design that can stand 
severe service and high temperatures. It enables Fairbanks 


Morse Motors to operate efficiently under adverse condi- 


ee ee ee 


tions —types of service where ordinary motors deteriorate 


rapidly. It’s a design that anyone ought to know more about 


a 


before buying any motor, for it assures more successful 


low-cost operation 


“Pocket Panorama’’ shows the whole ‘‘line-up"’ 


Here in a handy pocket pamphlet are illus 
trated over 40 types and sizes of Fairbanks- 
Morse motors and generators. Write or call 
your Fairbanks-Morse branch office te get your 
copy 





Explosion-proof motors 
‘otally enclosed non-ventilated motors 


truest ane rourr FAIRBANKS 


DENVER 2, COLO. HOUSTON 13, TEXAS KANSAS CITY 7, MO. 
1500 17th Street 5521 Navigation Bivd. 1300 Liberty Street 
Tabor 6241 Wayside 2159—(LD 506) Victor 6474 

DES MOINES 17, IOWA INDIANAPOLIS 4, IND. LOS ANGELES 11, CALIF 
2017 Dean Avenue 224 East Obie St. 4535 S. Seto Street 
44913 Franklin 3684 Jefferson 815) 

DETROIT 13, MICHIGAN JACKSONVILLE 6, FLA. LOUISVILLE 8, KY. 
11110 East Werren Ave. 930 East Adoms Si. 

Valley 1-7100 35-6473 


MEMPHIS 3, TENN. , Dermon Bidg. 








FAIRBANKS-MORSE 


Heres Built-in Longtime Motor Satistaction 


Cross-flow ventilation is another exclusive 
Fairbanks-Morse advantage.” It means uni- 
torm, symmetrical cooling that eliminates hot 
spots and prolongs the life of the insulation 
Openings are arranged so that there are no 
exposed moving parts to catch clothing or 
fingers —a safety factor of prime importance 
in many installations. 

There are many other important features 
that have made Fairbanks-Morse a name re- 
spected wherever motors are used. Ask your 
Fairbanks-Morse motor specialist about them 
and yuu'll find out why, for the broadest 
range of your motor services, it’s best to con- 


sider Fairbanks-Morse first 


NEMA frames 224 to 365 inclusive 


For EXAMPLE — 


This popular self-contained, water-cooled air conditioning unit has a ten 








horsepower motor driving the compressor and a one-horsepower motor 
on the fan We have been using Fairbanks-Morse motors for ten years 
says the company president,’’ and we have found them highly satisfac 
tory — silent in operation—and they demand little servicing 

This company uses Fairbanks-Morse Motors from | s/ horsepower all the 
way up to 50 Horsepower and is one of hundreds of companies standard 


izing on Fairbanks-Morse, for long-time motor satisfaction 


ORSE SALES CENTERS 


MILWAUKEE 3, WIS. NEW YORK, N.Y PHILADELPHIA &, PA 
404 N. Plankinten 533 Canal St. (Shop) 401 N. Broad St 
Daly 8-0180 Wal. 2-4100 
MINNEAPOLIS 15, MINN. NEW YORK 4, N.Y PITTSBURGH 24, PA 
417 S$. Fourth Street 80 Broad SI. 4301 Main Street 
Main 4353 Honover 2-7470 Shenley 1-3123 
NEW ORLEANS 13, LA. OMAHA &, NEBRASKA PORTLAND 14, OREGON 
1000 St. Charles Ave. 902 Harney St 105 S$. E. Taylor St. 
Raymond 3115 Atlontic 3122 Eost 0131 
PROVIDENCE 3, 8. |., 187 Pine Street 














rare 
thing E's? like It 


No THE MOTORGEAR 


Industry's most compact slow speed unit 
Here’s a sure, easy way to simplify your slow speed drives. 
The unique Motorgear combines the modern, dependable 
Axial Air-Gap Motor with a simple, sturdy helical gear train. 
The compactness and ease of mounting of the Motorgear 
make it more easily adaptable to a wider variety of applica- 
tions. Wherever it is used, the Motorgear improves the ap- 
pearance as well as the performance of the driven machine. 
For details write or call your Fairbanks-Morse branch office 


for your copy of the Motorgear bulletin. 


ba 
> FAIRBANKS-MORSE, 


a name worth remembering 





THESE ARE YOUR FAIRBANKS-MORSE $sALes CENTERS 





ST. LOUIS 2, MO. SAN FRANCISCO 7, CALIF TULSA 3, OKLA. 
217 Seuth Eighth St. 630 Third Street 1335 Hunt Bidg. 
Chestnut 7483 Exbrook 25855 
220-26 E. Fifth Street Selmon Bay Terminal District 669 ° : 
Garfield 4335 Alden 6600 

SALT LAKE CITY 1, UTAH, STUTTGART, ARK. FAIRBANKS-MORSE de MEXICO S. A., 
153 W. Second South St 403 South Main St Balderas 146, Mexico 1. D. F. Mexico 
32106 

AEB 100.10 Export Division: NEW YORK 4, N. Y., 80 Broad Street 


Pad. in USA 





olded rubber parts 
engineered 
for mass production 


w™ faced with the problem of designing 
parts where rubber’s unique characteristics 
provide the only answer, engineers are turning 
more and more to Goodyear—for the following 
reasons: 


Universal experience—as the world’s largest 
rubber company Goodyear has far greater tech- 
nical knowledge in molding rubber and the new 
rubber-like plastics to meet your exact require- 
ments in specific gravity, elongation, tear, hard- 
ness, shear, tensile, and resistance to temperature 
extremes, abrasion and chemicals. 


Superior facilities —the Goodyear molded rub- 
ber plant at St. Marys, Ohio, is the largest and 
most modern in the industry. It has complete 
equipment to produce in quantities required to 
keep your production line going at capacity — 
at low cost per unit. 


Quality control—advanced production tech- 
niques, rigid inspection and control at every step 
insure exact uniformity of parts in quality and 
performance to meet your design specifications. 


If you have a design problem in rubber, consult 
the G.T.M.—Goodyear Technical Man—or 
write direct tc: 
Goodyear, Molded Goods Dept., 
St. Marys, Ohio. 





THE GREATEST NAME IN RUBBER 
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INGED DRIVER C 
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an't sup OUT 
ERED RECESS 


AMERICAN SCREW CO. 


completes move to New Plant 
. +» enters New Era in Quality and Service 


After one hundred and twelve years at its Providence locations, the 
American Screw Company has moved its “know-how” and facilities to 
its one-floor modern streamlined plant at Willimantic, Connecticut. 
This building now houses all administrative, engineering, production, 
purchasing, sales, and research personnel. 

Our new plant is completing its “shakedown cruise” . . . and is now 
turning out high-quality American Phillips and Slotted Fasteners in 
ever-increasing quantities. 

Here, the newest and finest of high-production equipment, operated by 
employees under ideal working conditions, will set a new standard 
of American service to all fields of industry. 


AMERICAN SCREW COMPANY, WILLIMANTIC, CONNECTICUT 
Pient ot Norristown, Pa. 
Werehouses at: Chicago 11: 589 &. Illinois St. Dotroit 2: 502 Stephenson Bidg. 








AMERICAN] 1 71 
PHILLIPS <ows 232 


= Monel, Everdur (sili- 
con bronze) 
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SPECIFICATIONS: 


Lake Erie 2000 Ton Press 
Single Action — 2,000 Ton Capacity 
500 Ton Hydropneumatic Cushion in Bed 
Bed Area — 138 in. x 72 in. — Daylight 106 in, 


Stroke — 


40 inches 


Approach Speed — 1,000 inches per minute 
Return Speed — 922 inches per minute 
Pressing Speed — 70 inches per minute 
Overall Height — 40 feet, 6 inches 


2000 Ton Lake Erie Press uses 


4 Allis-Chalmers 125 hp Motors! 


EED LARGE MOTORS for a giant 
2000 ton press? 4% hp motors 
for a new bench Nthe design? 10,000 
hp motors? 
You can probably select a standard 
Allis-Chalmers motor to fit your job. 


GET THIS 4-POINT MOTOR PRO- 
TECTION WITH ALLIS-CHALMERS 
Safety Circle MOTORS 


1 Rigid Cast lron Frame completely sur- 
rounds all working parts . . . resists 
corrosion , . . gives added mechanical 
strength, 


Pre-lubricated Bearings operate longer 
periods without attention. If motor is 
dismantled, it is recommended that bear- 
ings then be cleaned and repacked. 


ALLIS-CHALMERS 


3 Maltiple Dipped and Baked stator wind- 
ings give extra protection against heat 
and moisture. 

4 Pressure-Cast Rotor has no rivets or 
welds . . . there's nothing to rattle or 
shake loose. 

BACK YOUR MOTOR UP WITH 
ALLIS-CHALMERS CERTIFIED 
SERVICE 
An added reason for supplying Allis- 
Chalmers motors on your equipment is 
Certified Service. Your customers get 
this Allis-Chalmers service in every 
major industrial area, It is backed by 
factory methods and genuine A-C serv- 

ice parts. 

And when you do specify Allis- 

Chalmers motors, be sure to order 

matching control as well. 


SEND LITERATURE CHECKED BELOW: 


ALLIS-CHALMERS, 1002A SO. 70 SI 
MILWAUKEE, WIS. 
Please send me: 
Hendy Guide for Electric Motors 
Bulletin 5186052 
Flange Motor Specification Sheet 
5187234 
General Purpose Motor Controls 
Bulletin 1487132 


¢ 
: 


City 


FP FP Se SSS E EERE EEE EEE REE EEE 
SSCS CSS CESSES EEE SEE EEE EEE ETERS 


A-2994 


SOLD AND APPLIED BY AUTHORIZED DEALERS, AND DISTRICT OFFICES THROUGHOUT U, S., SERVICED BY CERTIFIED A-C SERVICE SHOPS 
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you can 6c SURE.. i irs 


Westinghouse 





Uniform Design 4 TOMORROW'S STARTER—TODAY! 
in NEMA Sizes ‘ 
O through 4 
tn 100 hn: 400 volts 











Mew unin. a 


FOR BETTER MOTOR PROTECTION ...LOWER OPERATING COSTS 





This all-new line of a-c motor starters is announced only after 6 
years’ actual trial service, backed by 40 years of user experience 


in building smotor controls. 


Heres Yow it IS tomorrow's starter, TODAY: 


®@ Eliminates Solenoid Friction and Mis- 


alignment—Inverted clapper-type mag- 
net balanced on knife-edge. 


Prevents Accidental Opening or Closing 
of Contacts—Seesaw balance of clapper 
prevents accidental opening—kickout 
spring prevents accidental closing. 


Provides Uniform Line—Appearance and 
construction, NEMA sizes 0 through 4. 


Provides Positive Opening of Contacts— 
Kickout spring provides force to 
open contacts. 

*Trade Mark 


@ Provides Straight-through Wiring— 


Three line leads at top; three load leads 
at bottom. 


Provides Positive and Precise Overload 
Protection—Snap action bi-metal DISC 
instead of “solder pots” or bi-metal strips. 


Permits Front-removal of ALL Parts— No 
special tools required. 


Corrosion-resistant Parts All Plated— 
Enclosure Bonderized. 


Meets NEMA Standard Mountings. 


Gives Quietest Operation—Self-aligning 
magnet construction. }-30019 


| a PE RS es RRR gs oes 


See for yourself. Ask your Westinghouse representative to show 
you “the inside story”—a Trans-Vision presentation of the Life- 
Linestarter. Get the facts. Write for 20-page complete line 
booklet, B-4677. Westinghouse Electric Corporation, P. O, 
Box 868, Pittsburgh 30, Pennsylvania. 











UNBRAKO 


KNURLED SOCKET HEAD 
~ SHOULDER SCREWS 


THIS LENGTH 1S 
HELD TO CLOSE 
TOLERANCES: « 


CONCENTRIC 
WITH BODY 


“HEAD AND SHOULDERS” ABOVE THEM ALL! 


UNBRAKO Socket Head Shoulder Screws with Knurled Heads ... are preferred 
by die-makers everywhere ... but are useful for many machine applications. 
Their knurled heads provide a slip-proof grip—even if fingers and heads are oily 
or greasy—thus materially speeding production. 


UNBRAKO Shoulder Screws are available in full range of standard sizes—other 
sizes to special order. 


Write for further details, today. 


Knurled Head Socket Cap Screws Knurled Head Shovider Screws 


Flat Head Socket Cap Screws Precision-Grovad Dowel Pins 


Self-Locking Socket Set Screws Fully-Formed Pressure Plugs 


SPS STANDARD PRESSED STEEL CO. 
JENKINTOWN 28, PENNSYLVANIA 
38 
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THONa7 ST MAY MEAN BETTER AND FASTER PRODUCTION ...AT LOWER COST! 


The chances are that you will find the one 

re-designed plastic that is best suited to your production 

Vout facilities, and also the plastic that gives best 
qualities to your finished prociucts at the low- 


cists est possible cost! 


This message deals with “BAKELITE” PHENOLIC LAMINATING PLASTICS 
1. DECORATIVG PANELING 








nated forms. They are produced by application of heat and 
pressure on layers of paper, fabric, asbestos, or glass cloth 
impregnated with BAkeLiTe Phenolic Laminating Var- 
nishes. The resulting materials are infusible and insoluble 


Varnishes can be obtained from individual laminators. The 

names of leading laminators wi!l gladly be furnished — 

along with technical assistance from Bakelite’s representa- ®).... 

tives—if you will write to Department M-10. —— 
muce) 


BAKELITE DIVISION, Union Carbide and Carbon Corporation, 30 East 42nd Street, New York 17, N.Y. 








HERE'S HOW RE-DESIGNING WITH AN INCO NICKEL ALLOY 
ADDED NEW SELLING POINTS TO THE OLD FAMILIAR DIAPER PIN 


You, too, 
can mother 
an idea 


NC Nickel 
Alloys 


Monel® « “R”® Monel + “K"® Monel « "KR”® Monel 
“$”"® Monel «+ Inconel® + Nickel + “L”® Nickel 
Duranickel® + Permanickel® 


“Task Metals” for industry 


—.<~ 


CE Rint 





What's new about a safety pin? 
Plenty, if it’s a Kwik-Pin...a real safety pin. 


First, consider an ordinary safety pin. Open, it’s as dangerous 
as a fishhook. When you stick it into the diaper, you use 
two hands, dig down and then up, with a silent prayer that 
you haven't included the baby. When it’s closed, it may 
pop open unseen (but not always unfelr). When it’s lost, 
you search frantically, for it may be inside the baby 


Now look at the Kwik-Pin and see how this manufacturer 
re-designed an old product, used Monel wire, and added 
new selling points to a commonplace item. 


The Kwik-Pin is safe open; safe closed. Never can pop open. 
You can pin straight through 14 layers of diaper and 
undershirt with an easy, one-hand, squeeze-push action of 
the fingers. Hygienic, too, because it’s made of colorfast 
plastic and rustless Monel. And you can easiiy spot it 
anywhere. 


The manufacturer chose Monel because it provided strong, 
hard, spring-temper wire that would be free of rust and 
corrosion. Yet, Mors! wire was economical enough to let the 
Kwik-Pin retail at 25¢ per card of 4. 


If you’re planning a new product, or re-designing an 
old one, give some thought to the metals that can add extra 
performance and extra selling points ... the Inco Nickel Alloys. 


SEND FoR New Fouper, “lf Wire Has You Snarled.” lt contains 
helpful information on the mechanical and corrosion-resisting 
properties of Monel, Nickel and Inconel wire. Also includes a 
sample coil of Monel wire, plus the names and addresses of 36 
suppliers. lf you care to outline your problem to us, we'll be glad 
to forward samples of recommended wire for testing 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N.Y. 
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When close tolerances and light 


weight are design requirements, 


investigate die castings of Dow 


Bul 


the world’s lightest structural metal! 


















































Magnesium is a full third lighter than the next lightest 
structural metal and can be die cast to production tolerances 
of 0.0015” per inch. These qualities plus good strength and 
shock resistance make magnesium the logical material for 
many die casting applications. 


The excellent casting accuracy of magnesium die castin 
alloys often eliminates machining operations necessary with 
other materials. When machining is required, it can be done 
at lower cost, for magnesium is the easiest die casting material 
to machine. Slots and small diameter cored holes can be cast 
with little or, in some cases, no taper since magnesium does 
not solder to the die. 


Investigate magnesium die castings! Dow magnesium die 
castings are priced competitively. See how they can improve 
your product or cut its cost. For more information, write 
Dept. MG-46. 


MAGNESIUM DIVISION 
| [ | THE DOW CHEMICAL COMPANY «+ MIDLAND, MICHIGAN 
New York © Besten * [Philedeiphie © Waeshingfen * Atlanta © Cleveland © Detell 
Chicage * St. Lewis * Heuston * Sen Prenciece * Les Angeles * Seattle 
Dow Chemica! of Canada, Limited, Terente, Conede 


Cut costs, add sales appeal 
with Magnesium die castings 


A leading camera manufacturer uses these magnesium 
die castings in his latest model. The accuracy of the 
castings cuts machining costs and makes assembly 
faster, more economical. The pleasing finish and the 
lightness obtainable only with magnesium add valu- 
able sales appeal. 
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To Get BETTER FABRICATING RESULTS 
and REDUCED UNIT COSTS 
Change to (27penter Stainless Strip! 


To get the physicals, finishes, tolerances and edges that 
save you money in production, do what this firm did. 
Make use of Carpenter's diversified experience with 
Stainless Strip. A call to your nearby Carpenter 
representative will help you get the most from 

every pound of Stainless Strip you use. 


How Savings Were Made on This 
Stainless Job... 


€ 


The Parts: Stainless shock absorbers to cushion 
glass linings in bottles. 
The Preblem: High rate of costly rejects because 


the tempered strip originally used would not 
take the severe forming required. 


The Selution: Fabricating problems disappeared 
when Carpenter Stainless Strip (Type 410), tem- 
pered to minimum hardness of Rockwell C-40, was 
put on the job. No more trouble with cracking, 
splitting or spring-back of strip. 

To Find the Carpenter Stainless Sirip Best Svited te YOUR Jeb — 
write for your copy of this 133-page book of information on Physical Con- 
stants, Mechanical Properties, Corrosion Resistance, Fabrication, etc. A note 


on your company letterhead will bring your copy of “Working Data for Carpenter 
Stainless and Heat Resisting Steels’’. 


THE CARPENTER STEEL COMPANY, 117 W. Bern Street, Reading, Pa. 
Export Department: 233 Broodway, New York 7, N.Y. “CARSTEELCO” 


Easier DRAWING 

Easier FORMING 
When You Want Easier BLANKING 

Zasier FINISHING 


4p! 
| to use Carpenter ne | 
be sure 











ter 


STAINLESS STRIP 


WHEN YOU HAVE A STAINLESS PROBLEM—YOU CAN COUNT ON CARPENTER FOR THE ANSWER 
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Steam on thebeam 


3 Te 


34.3 


with ““built-in’’ 
| Ea 
: G-E CALROD 


wie HEATERS 
“<€ ak 


% 


*Reg. U.S. Pat. Off. 


Madewell Products, Inc. puts steam on the 
beam in their Electro Spray with ‘built-in’ 
G-E Calrod heaters! 
Like hundreds of other machinery manu- 
facturers, Madewell Products, of Oakland, 
California, have found that the simplest, 
easiest, most reliable way to build heat into their 
product is with G-E Calrod heaters. And in two years 
there hasn’t been a single heater failure in the field! 
Many times the heat source is a vital part of your ma- 
chine. Because of the many types of G-E heaters... because 
of the wide range of standard sizes, ratings, and sheath 
materials in which these heaters are available . . . they 
provide a ee practical solution to almost every The Calrod heater is easily formed into a helical coil, 
conceivable problem of building low-cost, efficient heat po te bg concentric fo © ve-iidh copper-tube 
into machinery. , an compact unit acts as a flash boiler. 
Before You Design your machinery or equipment for 
repetitive manufacture, contact your nearest G-E Ap- 
— Sales Office and get the recommendations of an 
ndustrial Heating Specialist . . . it will pay you BIG 
dividends. And... 
FOR THE NEW, FREE 1950 CATALOG, GEC-1005A, 
write us on your letterhead. And, if you'll also tell us 
about your heating jobs, we'll send you application bul- 
letins to help you select and correctly apply the right 
heaters to give you heat where you want it... when you 
want it...and in the amount you want it. Sect. 720-19, 


Apparatus Dept., General Electric Co., Schenectady 5, N. Y. 


GENERAL @é) ELECTRIC (ipsebetectemctacernnctsts 


for prolonged suspension with increased killing effects. 
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TWO METALS 
are often better than one 


and GENERAL PLATE will bond the 
Right Combination for you 





You name them—prac- 

tically any two different 

metals and General 

Plate will permanently 

bond them together 

and finish to size. The result will give you a 

combination that will meet specific or unusual 

performance characteristics impossible to ob- 

tain in a single metal . . . often is more econom- 
ical to use, easier to fabricate. 

For example—General Plate Alcuplate, copper 
and alurninum, is used in terminations of alu- 
minum conductors. This combination eliminates 
the electrolytic action which takes place in a 
“copper-aluminum” joint, as it provides for 
“alum-alum” joint on one side and “copper- 
copper” on the other. 

Again, a Bismuth alloy (M.P. 165°F) was lam- 
inated with copper for a very special appli- 
cation. 

General Plate also pioneered in the well- 


known silver inlay, edgelay and overlay on base 
metal which is widely used in contacts providing 
economical solid silver electrical performance 
at a fraction of the cost of the precious metal. 

Regardless of the metals you are now using, it 
will pay you to investigate General Plate lam- 
inated metal combinations. Write, stating your 
problems and our engineers will work out a 
metal combination which may prove to be bet- 
ter than a single metal. 


GENERAL PLATE PRODUCTS INCLUDE 


Trufiex Thermostat Metals . . . Precious to base metal 
laminations . . . Base metal laminations . . . Alcuplate 
(copper and aluminum) . . . Silver solders . . . Lam- 
inated contacts, buttons, rivets . . . Platinum-fabrica- 
tion-refining . . . Age-hardening Manganese Alloy 720. 


GENERAL PLATE 


Division of Metals and Controls Corporation 
105 FOREST STREET 
ATTLEBORO, MASSACHUSETTS 
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MAXITORQ 


The Maxitorq floating disc Clutch is now playing a new part in aiding Textile plants 
to cut production costs. Introduced by the H. F. Livermore Corporation, manufacturers of 
improved loom parts and accessories, a “package drive” unit is available for attachment 
to existing looms. The unit consists of two Maxitorq Clutches, one used as a drive, the 
other as a brake. Single units of either are also supplied. Thus the machine may be indi- 
vidually driven at today’s high speeds . . . for greater output. 


The compact, streamlined Maxitorg is original equipment with leading manufacturers of 
Machine Tools, Machines for Packaging, Mining, Labeling, Lumbering . . . for Trucks, 
Hoists, Sweepers, Mowers, etc. Its design is of utmost simplicity yet highly efficient within 
its capacity to 15 H.P. @ 100 r.p.m. “Floating discs” prevent drag, abrasion and heating. 
Clutches are shipped ready to slip onto a shaft, yet adjustment, take-apart and assembly 
are manual. Special Driving Cups, if desired, also Overload Release Feature, 





Send tor NEW 1950 Catalog PE5 











THE CARLYLE JOHNSON MACHINE COMPANY 
MANCHESTER + CONNECTICUT, 
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Torsion 


for every need 


@ No matter what type of spring you need, we can 
supply it ...in the quantity you want... and when you 
want it. 

Our American Quality Springs are made in all sizes 
and shapes—from giant coil springs to tiny open-wound 
helicals that weigh 5100 to the ounce. We can produce 
springs from round wire, shaped wire, flat wire or strip 
steel, from either pre-tempered or formed -and-then 
tempered material 

So whether you need springs of some special design, or 
some of the more common types, why not call on us? 

Our engineers will help you get the right design and 
we can produce springs exactly as specified. A call or letter 
will bring one of our spring engineers to help you work 
out your spring problem. 


AMEKICAN STEEL & WIRE COMPANY, GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA STEEL COMPANY, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM, SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


Flat Wire Forms 


AMERICAN QUALITY SPRINGS 
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“We tenderized 
Sales-resistance 


when we discarded 
habit-itis”... 


Win. F. Spang 


General Manager 
Cube Steak Machine Co. 
Needham Heights, Mass. 


ees 


“Now, our Cube Steak machines have a double-barreled 
sales advantage... because we eliminated habit-thinking 
in our research and production. Once we rejected the 
usual,” continues Mr. Spang, “we eliminated headaches 
arising from chipped ‘inishes; hard-to-get-at, hard-to 
clean parts...with new housings made of Monsanto 
Lustrex etyrenz.” 
When the Cube Steak Machine Co. tossed out habit-itis, 
and replaced previous housings with ones of Monsanto 
Lustrex, they discovered how this durable, lightweight 
plastic could help them produce better, more sanitary 
machines...and win customer praise. For instance, they 
found the colorful finish of Lustrex goes all the way 
through — unlike painted surfaces, it can't peel, chip or 
Housings of Cube Steak wear off. 

= ea Housings of Lustrex are molded in one piece... are 
Pro-phy-lactic Brush Co., Inc., easily removed, by a flick-of-the-wrist, to get at operat- 
Florence, Mass. ing parts instantly. Lustrex is smooth, and will not stain; 
eaten Gaiene and it is free from taste or odor. Best of all, this modern 
plastic is up to nine times lighter than some metals... 
provides more housings per pound, new savings in 
materials cost. Fast, one-shot production further lowers 
costs. And expensive assembling, m»chining, painting 

operations are eliminated or materially reduced. 
Profit-wise manufacturers in many industries are ban- 
ishing habit-itis in their plants...and are discovering new 
ways to improve old products, or to make new ones, 
ah a while reducing manufacturing costs...with Lustrex, and 
VION ~ \N\ | 0 other Monsanto plastics. How about your products? 
- ibs. 2.5 Your costs? It will pay you to send today for Monsanto's 
TMM eRCH@e booklet, “What Monsanto Plastics Can Do For You.” 
The coupon is for your convenience. Lostres: Reg. U. & Pat. Ort 





MONSANTO CHEMICAL COMPANY, 
Plastics Division, Dept. PEP28, Springfield 2, Masa. 


Please send me, “What Monsanto Plastics Can Do For You.” 


Name & Title 





Company _ 
Address 
City, Zone State 
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ON SHAFTS 





IN -COUNTERBORES 


in Seconds 





Why buy steel to shoulder diameter and spend costly labor 
and time machining a shoulder... 





when you can start with steel of the shaft diameter, machine 
Zs a groove a few thousandths deep and slip a Reliance 
Ring into it? 





Why drill to shoulder diameter and machine to bore diameter 
for a shoulder in a bore... 

when you can just drill to bore diameter (or use tubing), 
machine a shallow groove and slip a Reliance Ring into it? 








You can cut minutes to seconds and save labor and 
material cost. 





Reliance Snap Rings are carefully heat treated and 
properly tempered to specifications. They are strong and 
are designed to withstand determined thrust loads. 


Reliance Ring Engineers are at your service. Just write, phone 
or wire and they'll show you how Reliance Rings can 
cut the cost of your shouldered parts. 


Nae RELIANCE RINGS 


EATON MANUFACTURING COMPANY & RELIANCE DIVISION, MASSILLON, OHIO 


Sales Offices: New York, Cleveland, Detroit, Chicago, St. Louis, San Francisco, Montreal :' 





a —_—_—_—_-_- 


where the going is BIG, rugged and hot... 
National Oil Seals meet a severe test 


The high peripheral speeds and extreme ambi- 
ent conditions encountered in main bearings of 
large rolling mills pose tough problems in bear- 
ing protection. The problem is aggravated by the 
presence of copious quantities of scale and the 
use of special coolants. Thus the actual sealing 
members of oil seals must in many cases be fabri- 
cated of materials which are impervious to break- 
down when exposed to water and other coolants. 

The National Oil Seal shown (Fig. 1) is suc- 
cessfully employed on the roll shafts of a large 
sheet steel mill machine. In this case the seal- 
ing member is made of National “Syntech’’* 
synthetic rubber compound. The construction 
of the seal is identical to the basic National 
50,000-S type used in hundreds of other appli- 
cations. The ceal itself is unusual in size since 
shafts on this equipment run between three to 
five feet in diameter while a section through 
the seal is under one inch. Close tolerance must 
be observed inasmuch as these seals must “‘press- 


CALL IN A NATIONAL ENGINEER FOR RECOMMENDATIONS 


BUFFALO, ¥. Y. 56 Arlington Ploce, Grant 2280 
CHICAGO, ILL. Room 2014 Field Building, Central 6-8663 
CLEVELAND, OHIO 210 Heights Rockefeller Bidg., Yellowstone 2720 
DALLAS, TEXAS 3 Highland Park Villoge, Justin 8-8453 
DETROIT, MICH Room 1026 Fisher Building, Trinity 1-6363 
HOUSTON, TEXAS 673) Harrisburg Boulevard, Wayside 3-1246 
LOS ANGELES, CALIF. 2244 Eost 37th Street, Kimball 6384 
MILWAUKEE, WIS. 647 West Virginio St., Morquette 86-8986 
NEW YORK CITY, WN. Y. 122 East 42nd Street, Lexington 2-8260 
PHILADELPHIA, PA. 401 North Broad Street, Bell-Walnut 2-6997 
REDWOOD CITY, CALIF Broadway and Notional, Emerson 6-386! 
WEST SPRINGFIELD, MASS. 1025 Elm Street, Springfield 2-188) 
EAST SYRACUSE, N.Y 226 Roby Avenve, East Syracuse 366 
WICHITA, KANSAS orth St. Francis Ave., Wichite 2-6971 
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fit” into the housing bore in the accepted man- 
ner and rugged construction is necessary to 
withstand rough handling when it becomes 
necessary to repair the equipment, which must 
of necessity be done hurriedly. Two such seals 
are utilized in each position: one to seal the 
lubricant in and the other to withhold contam- 
inating extraneous matter which includes scale 
and coolant. This is done to effect economy 
in replacement. 

These National Oil Seals provide efficient 
bearing protection despite the extraordinarily 
rugged surrounding conditions and the extreme 
peripheral speeds. Experience has shown that 
performance of this kind can be achieved with- 
out resort to special designs. This particular seal 
(Series 50,000-S type) is available in a wide range 
of sizes from dies already on hand. National Oil 
Seals engineers will be happy to consult with 
you on any bearing protection problem. Please 
write for additional information. 

* Trade Mark registered 


NATIONAL 


OIL AND FLUID SEALS 


NATIONAL MOTOR BEARING CO.,INC. 


General Offices: Redwood City, California 
Plants: Redwood City and Los Angeles, Calif; 
Van Wert, Ohio 


ser" 
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THERMOSTATIC DEVICES 
PRESSURE CONTROLS 
HYDRAULIC 
VALVES 
SHAFT SEALS 
EXPANSION CHAMBERS 
RECORDING INSTRUMENTS, 


MECHANISMS 


| 

| 

| 
- 


ou can make Savings with Sylphon Bellows Assemblies 


HESE ARE JUST A FEW of the ways 

in which Sylphon bellows assemblies are 
used. There are many more—where there are 
design problems involving temperature or 
pressure control. Wherever you use them, 
Sylphon bellows assemblies help you make 
savings that really count up! 


For example, when we produce them for 
you, you save time. You get your bellows 
assemblies on schedule. Another saving—you 
have less overhead and production costs. We 
have ample facilities—trained personnel — 
geared to produce in volume quantitiés. 
What's more, you save product “troubles”, 


TEMPERATURE CONTROIs 


Robertshaw Fulton 


FULTON 
SYLPHON 


DIVISION 
Knoxville 4, Tena, 


because we produce assemblies made exactly 
to your specifications. 

Whatever type of bellows assembly you 
need, simple or complex, in brass, stainless 
steel or other metal, we can make as you 
want it. It’s a specialty with us—has been for 
forty-six years. And it takes specialists to 
produce bellows assemblies that are accurate, 
dependable and rugged. 

Find out how you can save on your bellows 
assemblies requirements. Send in your speci- 
fications or ask for helpful engineering service. 
Write today. Ask for free Builetin JP-1200 
that gives complete information. 


mI 
BRIDGEPORT 
THERMOSTAT 


DIVISION 
Bridgeport 1, Conn. 


8 ces 
“HOWS Assemarigs » BeLows PY" 
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BENDIX-SCINTILLA 


THE 


Today's small engine buyers have become more and more 
demanding in their standards of quality —with the factors 
of dependable starting, economy of operation, long life, 
and freedom from breakdown given foremost consider- 
ation. It is the ability of Bendix-Scintilla magnetos to serve 
these needs better in every way that makes them champions 
in their class. These rugged lightweights are your best 
bet to step up performance and sales appeal —for their 
basic design guarantees quality performance for every 
type of small engine and every pricing requirement. In both 
original equipment and field replacement, give your out- 
board motors, small industrial and marine engines 
championship performance by insisting on the most 
trusted name in magnetos —Bendix-Scintilla. 


MOST TRUSTED NAME 


‘ 


IN MAGNETOS 


BUILT-IN RELIABILITY 


Simplicity in design © Waterproof con- 
denser and coil ©¢ Lower operating 
cost * Minimum lubrication require- 
Light in weight « Higher 
voltage at starting speeds ~ Constant 
spark over entire speed range * 
pact and sturdy construction. 


ments ¢ 


Com- 


SEE OUR EXHIBIT AT THE HOUSTON INDUSTRIAL EXPOSITION, MAY 10 THRU 14, 1950 


BENDIX 
SCINTILLA 
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Photo courtesy American Optical Company 


. .. take, for instance, the engineering of a suital-le small 
motor for American Optical Company’s M405 Universal After thorough analysis and study of the problem, Holtzer- 
icro-Surfacer. This revolutionary optical machine, de- Cabot engineers designed a precision motor that not only 
igned to smooth- “grind the concave surface of lenses, met all customer requirements, but was priced competitively. 
emanded most exacting specifications for the motor unit 
be used in driving the diamond lap spindle. 





This Holtzer-Cabot motorized unit, qo in various 
frequencies and voltages as well as in Direct Current, is 


* The motor must be totally enclosed, to exclude dust and grind- now being used extensively. 


ing compounds. 


@ The motor must be adaptable to a machine bed, similar to a 


lathe bed. Our files are filled with success stories like this. The appli- 
@ Tolerances on center line to base dimension and all parallel 


~ , ~ S “one cation solution described here is just one of many examples 

tracking surlaces m e he a s : Y , , : y 

S Surmeecs must be hetd to an shectute minimum, for of Holtzer-Cabot’s versatility and ability to meet customers’ 
purposes of interchangeability. age » H | Cabo 5 f 

a Parallelisms must be held to an absolute minimum to insure a most rigid spec ifie ations. 0 {ze r-Ua ot motors range rom 


true running spindle. 1/2000 up to 1 H.P.; from 24,000 RPM to 1 revolution 
@ Spindle must have absolute minimum of endplay and runout. per day! 


HOLT ZER-CABOT 


Division OF NATIONAL PNEUMATIC COMPANY INC 


0) | GOT AN APPLICATION PROBLEM? 


If you have an application problem involving 
B 0 S T 0 N l 4 M A S S A C H U S E T T S motors up to | H.P., turn to Holtzer-Cabot for the 


solution. We are eager to tackle the most difficult 


OFFICES IN NEW YORK, PHILADELPHIA and CHICAGO motor problem. Write for complete information. 


builders of fine electric motors for three-quarters of a century 
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COPPER ALLOY BULLETIN 


REPORTING NEWS AND TECHNICAL DEVELOPMENTS OF COPPER 





AND COPPER-BASE ALLOYS 











Prepared Each Month by BRIDGEPORT BRASS COMPANY 


i Headquarters for 


BRASS, BRONZE and COPPER 











os 
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. 
Worm wheel of Duronze ITI, 1114 


in. diameter and 144 in. wide, used in mill lift truck. Three spur 


gears for drilling and tapping machines manufactured by Bodine Corp., Bridgeport, Conn. 


High Strength, Smooth Operation 
Found in Duronze Gears, Screws 


High strength, smooth, hard bearing 
surfaces, and ability to withstand cor- 
rosion and wear are demanded of many 
functional parts. When ferrous metals 
are selected for such parts, the cost of 
machining rises considerably due to 
low surface speeds and feeds necessary 
to obtain good finish and satisfactory 
tool life. 

Silicon aluminum bronze, Duronze 
III, answers the product designer’s de- 
mands for high functional qualities and 
at the same time eases the problems of 
the tool engineer and production de- 
partment by its good machinability. 
Duronze III Worm Wheel Outlasts 

Cast Bronze Gear 

Duronze III was used in the illus- 
trated worm wheel, spur geats and 
wedge adjusting screw. This alloy con- 
tains about 91% copper, 7% alumi- 
num and 2% Silicon and has a tensile 


BRASS - BRONZE - 


MILLS IN 
BRIDGEPORT, CONNECTICUT 
INDIANAPOLIS, INDIANA 
In Canada: 


Noranda Copper and Brass | imited 
Moatreal 
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COPPER - 


strength between 85,000 to 90,000 
pounds per square inch in the annealed 
condition. It has a machinability rat- 
ing only 40% less than free machining 
brass rod. 

The ability of Curonze III to give 
long life under heavy loads as com- 
pared to cast bronze, is evidenced in 
the worm wheel used in a mill lift 
truck. The Duronze wheel was in- 
stalled in 1945 and is still in good 
shape for longer service. Other Duronze 
gears in these lift trucks have been in 
for several years with no great sign of 
wear. The cast bronze gear (original 
equipment) lasted less than two years. 

Smooth Reversing Spur Gears 

Constant forward and reversiiug mo- 
tion is essential in Bodine’s special 
drilling and tapping equipment. 
Duronze is successfully used for the 
spur gears on the tapping heads. The 


DURONZE — STRIP 


RASS 


BRIDGEPORT B 
Z A 


Ae 





| 
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gears illustrated were manufactured by 
forging the blank, turning, drilling, bor- 
ing and tapping as well as cutting the 
teeth. Surface speeds ranging from 150- 
250 fpm are possible with high-speed 
tools and much higher with tungsten 
carbide tips. 


Valve Screw for Hoover Dam 


Pawtucket Manufacturing Co., Paw- 
tucket, R. L, used Duronze III for 
wedge adjusting screws to be used in 
butterfly valves controlling the flow of 
water into the turbines generating elec- 
tricity at the Hoover Dam. High corro- 
sion resistance was easily answered, 
but the physical demands for these 
screws were another thing: 

1. Ultimate tensile 90,000 psi. 

2. Yield point in tension 50,000psi. 

3. Reduction in area 15%, and 

4. Elongation in 2 inches 15%. 

Bridgeport supplied Duronze III in 
2% inch square 
rod. The screw 
has a thread 15% 
inches diameter 
with eight 
threads to the 
inch. A smooth- 
running fit is es- 
sential as well as 
accuracy and fin- 
ish on the turned 
ciameters. 


Wedge adiusting 
screw made by Paw 
tucket Manufacturing 
Co., Pawtucket, R.I., 
for butterfly valve at 
Hoover Dam. Stock 
was 24% in. square 
Duronze III rod with 
tensile strength of 
90,000 pounds per 
square inch. 


We the enraeet 


Another factor which the designer 
cannot overlook is weight. Duronze III 
is 10% lighter than competitive sili- 
con bronzes, representing a substantial 
saving in cust. 

Bridgeport's Laboratory will supply 
engineers with additional information 
on Duronze III alloy or help you to 
select the correct alloy to meet your 
specific needs. Write for the Duronze 
Manual. 


ROD - WIRE - TUBING 


BRIDGEPORT BRASS COMPANY 
BRIDGEPORT 2, CONNECTICUT 


Established 1865 
"bern District Offices and Ware- 
bouses in Priacipa! Cities 
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Fuel lines to drop tanks on the B-36 are fitted with WIGGINS Inst-O-Matic couplirigs. Here, 
human hands cannot separate the line. The coupling must break automatically, positively; 
and the fuel in both lines must be sealed off instantly. In this, and other applications where the 
flow of fluids or air must be broken, WIGGINS Inst-O-Matic couplings are proving their worth. 


Now, these couplings are available with required lengths of INST-O-FLEX, a smooth 
woven, flexible metal hose that guarantees protection against abrasion and kinking. 
High quality neoprene rubber liner makes INST-O-FLEX impervious to oil, water, 


gas and gasoline. 





CONSTRUCTION: 


Smooth weven, galvanized steel outer wall. 
Also available in copper, brass, stainless steel 
and monel. Suitable liners for special applica- 
tiens. 


1.0. SIZES: 4", %", ’" and %". 


WHAT IS YOUR MOTION PROBLEM? 


if you work wih, or design machinery, indus- 

trial equip or d tic appliances that 

must be periodically moved; or if you are con- 

cerned where articulated motion, vibration or 

make-and-break connections must be accom- 

modated, INST-O-FLEX assemblies are big P-1707 valved socket 
engineering news. Write for complete details Yo” F.P.T. 

today. 














Ever alert to progress, Scott-Atwater pro- 
vides an auxiliary fuel tank for their new 
1950, 1-30, 16 HP TWIN outboard motor 
unit. WIGGINS standard P-1700 series, 
self-sealing Inst-O-Matic coupling is speci- 
fied on the fvel line to insure speed of op- 
eration and a leakproof connection. 

Write for name of nearest 

representative or 

E. B. WIGGINS 

O!L TOOL CO., Inc., 

3424 E. Olympic Boulevard, 

Los Angeles 23, Calif. 

Telephone ANgelus 7238 
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SPECIFIED FOR 
SPEEDDRILL: 


GRANIUAX bearings 
USG brushes 


New Self-A-Line Gramix bearings, precision die-pressed 

from powdered metal, were made to exact specification 

to carry the load at five vital points in this powerful 

new Model 400 SpeedDrill a recent product of the 
SpeedWay Manufacturing Company of Cicero, Illinois. Unique design of the Gramix bearings enables 
them to maintain steady alignment of the drill shafts and to absorb the thrust load under hardest 
operating conditions. The self-lubricating features of Gramix eliminates need for regular oiling, 
and the great durability of these bearings makes for long life in any application. Teamed with 
Gramix in the SpeedDrill are wwo special USG carbon brushes which will furnish positive balance of 
brush pressure on the commutator at all drill speeds. 





Send your prints to us — our engineers will be glad to make recommendations without obligation. 
Write for the new Gramix and USG Brush catalogs. 


GRAMIX 


THE UNITED STATES GRAPHITE COMPANY, SAGINAW, MICH. pivision oF tHE wickes conporaTiOn 
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Customers state... i 
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2. Heavy-duty oil-cushioned, self- ng bearings 


SAVINGS in 


Unit Cost 

Assembly Cost 
Capital Investment 
Burden + Floor Space 


PLUS 


Quality and Service 
Engineering Insurance 


PLUS 


(Nationwide and Canada) 








bb DbbD 





4» Field Engineers 
4» Distributors + Dealers 
5. Friction units 4s Bearing Depots 


se 
F Bo 
; , a MANUFACTURING 


COMPANY 


SUBSIDIARY OF CHRYSLER CORPORATION 


: DETROIT 31, MICHIGAN 
Contact your local Oilite field engineer or home office 





OM BENDIX-SCINTILLA 


FAIRCHILD rely on PPTW Yar te Vemeel 1] 10 ce)-t- 


Unfailing dependability is one of the requirements set by Hamilton CHECK THESE ADVANTAGES 
Standard and Fairchild in their selection of equipment. The installa- 
tion of Bendix-Scintilla electrical connectors in vital circuits of 


*® Moisture-proof « Easy Assembly ond 
Disassembly 
Hamilton Standard propellers is, therefore, a tribute to a fine product. 


@ Radio Quiet 


© Single-piece Insevts © Fewer Parts then eny 
Wherever circuits must be arranged to connect and disconnect with © Wibeaties ‘ other Connector 


ease and certainty, Bendix-Scintilla is the choice. Remember that © Udhtwelahé « No additional solder 
whenever there is no compromise with quality, it pays to specify © High tncvlation voquived 
Bendix-Scintilla electrical connectors —the finest money can buy! Resistance * Approved A-N source 


Write our Sales Department for detailed information. S32 OUR COGN AT RE 
HOUSTON INDUSTRIAL EXPOSITION, 


BENDIX MAY 10 THRU 14, 1950 
GES CINTILLA 
SCINTILLA MAGNETO DIVISION of =a 


SIDNEY, N. Y. 


Export Soles: Bendix International Division, 72 Fifth Avenve, New York 11, N. Y. 





AVIATION CORPORATION 
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( Why are €) motors 


extra dependable? 


goes into 
their windings 
—"The Heart 
of the Motor” 


E. D. Manufacturing Skill and Superior Insulation 
Bring You Long Service, Great Dependability 


At Electro Dynamic, the secret of making tough, depend- 
able motors has been learned through 70 years of meet- 
ing and surpassing the rigid standards set by naval 
engineers and architects. The same proven manufactur- 
ing principles are applied in building today’s E. D. 
industrial motors. 


Now you can benefit from the special skill, the extra 
care and superior insulating materials that go into E. D. 
windings ...the rugged construction of E. D. frames. 
You'll be amazed at the stamina and unfailing depend- 
ability of these fine motors. You'll be surprised that E. D. 
motors are competitively priced! 


Get all the facts on famed Electro Dynamic motors 
today. Write for illustrated literature. 


Also a Complete Line of DIRECT CURRENT 
Motors and Generators. Literature on Request. 





ELECTRO 
DYNAMIC 


Division of the Electric Boat Company « Bayonne, N. J. 
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Can you use a heavy liquid that has contributed 
greatly to simplifying design and fabrication of 
certain products? 


Acetylene tetrabromide is an unusually heavy 
liquid with a specific gravity of 2.95. It is stable 
in dry air in the absence of sunlight and, when 
sealed in an opaque container, will not break 
down. 


Acetylene tetrabromide is comparatively inex- 
pensive and finds wide use as a gauge fluid and 
as the movable part in vibration dampeners. 


GIVE A SEARCHING LOOK at the properties of 
acetylene tetrabromide. Then, if you desire fur- 
ther information or technical service, write or 
wire Dow. 


C, H, Br, 





Properties: 

Clear, colorless liquid with a mild sweet odor. 
Specific gravity at 25/25°C. 

Pounds per gallon at 25°C. 

Boiling point at 15 mm. Hg 

Fire point . 

Flash point 


Solubility, grams per 100 grams solvent: 
Alcohol at 25°C. 

Carbon Tetrachioride at 25°C. 
Chloroform at 25°C. ., oe gS 

Ether at 25°C. cow 66 6@ feel ee ee, es @ * 
a ee ee i ae i i 
PS. (6) 6 « «eC 8°38 vasa eh eee 


THE DOW CHEMICAL COMPANY «¢ MIDLAND, MICHIGAN 








Send for free sample of ACETYLENE TETRABROMIDE 
The Dow Chemical Company 
Dept. 3-H 
Midland, Michigon 
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, ) Designers of new automatic cartoning 
t=~4 machines useWARNER ICB UNITS 
=! to get ‘smoother starting torque, 
closer balance of overload 


Photos and engineering dota — 
courtesy of R. A. Jones Co., Inc., 


oe Pid 
ace rae torque and faster stopping. 





Pe 
fait YOUR PROBLEM 


is to design your machine or its activating parts so that 
you get: (1) Push-but uation at the machine or a 
remote control panel. (2) Fully or semi-automatic opera- 
tion in “stop” or “start” of machine cycles. (3) Con- 
trolled acceleration or deceleration. (4) Automatic or 
manual adjustment of torque to load . . . or if your prob- 
lem is to eliminate: (1) “Shock” from stop or start on 
gear trains and shafts. (2) Complex mechanical lever 
linkage, or air and hydraulic piping systems. (3) Vibra- 
tion and hammering from solenoid operated brakes and 
clutches . . . or if you want to increase production from 
your machine by increasing the speed and number of 
cycle operations — Here's WARNER ICB UNIT instolled on drive unit of the constent motion 


vertical cartoner. 1CB Unit improved machine performance and easily reploced 
monval clutch and solenoid opercted brake. Eliminated “‘coasting’’ problem. 


CA GOOD SOLUTION 


te any one or combination of these problems is WARNER 
ICB Units. WARNER ICB Units are electrically con- 
trolled and operated clutches and brakes, They are com- 
pact, mechanically simple and may be applied to machine 
spindles, drive shafts, or direct to electric motors. Because 
of their design, they may be operated individually or in 
combination, manually or automatically, by direct or re- 
mote control. They provide for infinite controlled varia- 
tion of torque in either clutching or braking action within 
their rated capacities. Their action is smooth and shock- 
less—fast and practically noiseless. They are self-adjusting 
and self-compensating for life. Their design guarantees a 
high rate of heat dissipation, From left to right: @ Warner ICB Brake Unit, @ Warner ICB Clutch Unit, ond 


@ combination Warner ICB Clutch ond Brake Unit. Note clean, smooth, com- 
poct, appearance — simple mechanico!l ports, 


@MORE INFORMATION 


You can get detailed information on practical job appli- 

cations of Warner ICB units. We will be glad to show 

you actual case histories of proven applications on a big - 

variety of machinery. There's a complete range of sizes | ' 





to meet wide requirements. Write today for bulletin 701. 
If possible, state your probiem. Experienced Warner 


engineers will consult with you without obligation. IC B U N IT 
Warner Electric Brake Mfg. Co. 
Beloit, Wisconsin 


Bulletin 701 contains complet» specificotions and description WARNER ICB Units are manufactured by 
of WARNER ICB Units. See for yourself how they offer od- — pioneers in the field of electric brake design and 


vontoges never before available on industrial clutches and 
brokes. Write for it today — no charge. 
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Spurs « Spirals’ + Helical: - Bevels - Internals 
2635 WEST MEDILL AVENUE 





+ Worm Gearing «Racks - Thread Grinding f 
* CHICAGO 47,-ILLINOIS 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS OF FRACI 


MEMBER OF 


4 
1ANA HARSERA 
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The cut-away bearing illustrated is an “R-YS” 
type Hyatt Hy-Load Bearing. It not only pro- 
vides the high radial capacity of a cylindrical 
roller bearing but when mounted in pairs, 
opposed as shown in the drawing above, will 
also locate shafts. 

In the Hyatt Hy-Load line of cylindrical 
roller bearings there are ten different types, 
each designed to fulfill specific application 
needs. Of these ten types, four are made with 


separable inner races, two with separable 


outer races and four are non-geparable, thus 


permitting wide flexibility in machine design 
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and assembly provedures. A wide range of 
sizes are made in every type. 

With this large selection of bearing types 
and sizes from which to choose, a designer 
can find a Hy-Load Bearing to fit almost any 
application need. 

. . . 
Full information about Hyatt Hy-Load 
Roller Bearings is contained in our Catalog 
547 ...a complete engineering guide to 
radial bearing selection and use. Hyatt Bear- 
ings Division, General Motors Corporation, 


Harrison, New Jersey. 











The picture above shows just a few of the 
many bellows assemblies that are made to order by 
Clifford for leading firms. Hydron Bellows Assemblies 
perform many different functions, such as: 


Actuating switches or valves for accurate con- 
trol of temperatures and pressures. 


Sealing rotary shafts against leakage of liquid 
or gas. 


Providing a flexible joint for instruments com- 
bining rotary motion and hermetic seal. 
Transmitting movement hydraulically to re- 
mote points. 
Why not investigate to see what Clifford bellows 
assemblies may do for you? Our engineers will be glad 


erent 





to make a confidential analysis of your sketches and 
specifications. No obligation, of course. Just write: 
CLIFFORD MANUFACTURING COMPANY, 
122 Grove Street, Waltham 54, Mass. Division of 
Standard - Thomson Corporation. Offices in New York, 
Detroit, Chicago, Los Angeles. 


© CLIFFORD 9 


HYDRAULICALLY- FORMED BELLOWS 
AND BELLOWS ASSEMBLIES 


ALL=-ALUMINUM OIL COOLERS 
FOR AIRCRAFT ENGINES 
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You can get a lot of help for your plastic 
problems from our plastic case histories 


lake this Beltone hearing aid case for example 


Here is compactness, durability and attractive 


modern design. Look carefully and you can also 
see some intricate interior work that 


required precision tolerances in molding 


We've also molded a wide variety of other plastic 





large cases—simple cases 


cases small Cases 


comple x cases. Each solved a distinct 





problem while increasing product appeal 





Let us put this experience at your profitable 


get down 





disposal. Just tell us today when we n 


cases, or any other injection molding or extrusion 


to cases your 


pre blem. Our assistance is yours without obligation 


MILLS CORPORATION 


Lumarith, Plostecele, Fibestos 
Geon, Plexene 


ELMER E. 


NJECTION 
te, N 
Polyethylene 


2930 NORTH ASHLAND AVENUE 


DLDERS and EXTRUDERS of. Tenite 
on, Loalin, Vinylite 
n_ ond other Thermoplastic Materials 


e CHICAGO 13, ILLINOIS 


i 
On Plexiglas, Polystyrene, Styr 
Cel, Cbiges angeN@* Sor 








WHITNEY ROLLER CHAIN 
Helps the ‘‘Trench-Hog’”’ 


Like @ Full ile 


- 


The “Blackhawk Trench Hog”, manufactured by the Arps Corporation, 

} digs trenches up to 7 feet deep and 20 inches wide in record time. At 
»depths of 3’ to 4’ and 6” to 8” wide, it digs a trench at 300’ to 400’ per 
jhour. That's traveling ... and the cutting blades and roller chain have 
to travel too. 


In the “Trench Hog”, Arps Corp. secures its high carbon cutting blades 
on tough, rugged 2” pitch Whitney Roller Chain. Despite the high 
tshock loads when rocks and other obstructions are encountered, the 
Whitney Roller Chain keeps performing day in, day out. Positive grip 
assures full transmission of power to the cutters. 


The “Trench Hog” application is a typical example of the versatility 
and adaptability of Whitney Roller Chains for meeting special require- 
ments. There is practically no /imit to the range of applications for ma- 
terial handling available through the use of standard or special attach- 
ments. The all steel roller chain construction provides long life. 


Whitney chains... roller, silent, conveying...are quickly available 
through the nation-wide net-work of Whitney Distributors and ware- 
houses. Consult the one nearest you for prompt, efficient service. For 
catalog or specialized chain engineering assistance write: 





WHITNEY CHAIN COMPANY ager tentgapalyieinnyp te 


, red s 

204 HAMILTON STREET, HARTFORD, CONN partes ~aereatiaage srsean 

@ Conveyor Chains — for modern ma 
terial handling 

@ Flexible Couplings — for positive 
but flexible direct drives 
Cut Tooth Sprockets — for smooth 
engagement, long life 
Whitney Woodruff Type Keys — 
for greater strength, easy assembly 
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Houghton 








packings, 
from 

year to year, 
range in size 


from 


and they’re backed by years 
of designing “know-how” 


The 91-inch “U” shown above is one of 

Houghton’s largest one-piece packings — made 

for an air-operated clutch on a hot-forging press. Thapress itself 
weighs nearly half a million pounds, is 25 feet high, * The tiny 
Y%-inch “O” ring held in the hand at the right is by no m§ 
smallest, but it vividly contrasts to the man-and-c-halff 

above it. * Both packings, and the hundreds of sizes 
between those extremes, are fully engineered as to desi 
application. That's why we rate so high among design e 

And it's why, when you want packings that last longer an 
better, you'll contact E. F. Houghton & Co., Philadelphia 33, 


HOUGHTON’S VIM LEATHER & VIX-SYN PACKINGS 
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Enclosed Disc Type 


KLIXON 
THERMOSNAP 


SWITCHES 





Provide Accurate 


Temperature 


Control 


Klixon C4370 fixed tempera- 
ture Thermosnap Switches give 
accurate temperature control in 
such equipment as space heaters, 
sterilizers, electrical appliances, 
small water heaters, unit heaters 
and other products. Actuated by 
the scientifically calibrated Spen- 
cer Klixon Disc, they open with 
a quick clean break; close the 
circuit with a fast solid make. 

Klixon Thermosnap Switches 
can be supplied in various tem- 
perature differentials in settings 
to 5$50°F. These 


are available with 


from minus 10 
control units 
enclosed contacts and exposed 
operating disc for fast thermal 
response ... or with both con- 


tacts and thermal disc completely 


Exposed Disc Type 


enclosed for protection against 
dirt, dust, oil, etc. 

Klixon Type C4370 Controls 
are listed by Underwriters’ Lab- 
oratories for use where proper 
terminal enclosure is provided. 
This eliminates further testing 
of the thermostat when applied 
to products requiring Under- 
writers’ listing. 


Write for complete informa- 


ON 


SPENCER THERMOSTAT 
Division ef Metals & Controls Corp 
905 FOREST ST., ATTLEBORO, MASS. 


tion today. 


KLIx 


reat ao 2g 
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Line-O-Power 


STRAIGHT LINE DRIVES 





DOUBLE REDUCTION 


CHECK THESE 
Line-O-Power 


features 


ECONOMICAL TO BUY—Lower original 
cost because these units are designed 
for manufacture on latest and most 
accurate high production machine tcols. 
ECONOMICAL TO OPERATE—Straight- 
forward, enclosed offset shaft prin- 
ciple of design gives efficiencies of 
96% or higher. Simplified construction— 
minimum number of moving parts— 
direct splash lubrication—quality work- 
manship hold maintenance to a minimum. 
DUTI-RATED HELICAL GEARS—Duti- 
Rated high hardness helical 
manufactured to rigid standards 
assure exceptional accuracy, long life 
and dependability. 
MODERN APPEARANCE—The last word 
in clean-looking, modern design. 
The streamlined Line-O-Power unit 
on original equipment highlights the 
designer's approach to functional, effi- 
cient equipment. 
COMPACT — SAVES SPACE — Compact 
because the entire housing volume . 
has been utilized to attain speed RIPLE REDUCTION 
reduction, Placement of input and out- 
put shafts in a direct line brings the 
eee age pb eb dogs . Here isa newly developed drive that offers high quality combined 
LARGE OVERHUNG LOAD CAPACITY— with economy both in original cost and in operation. 
A conservatively Ss bole Line-O-Power Units use Foote Bros. Duti-Rated high hardness 
output shafts assure maximum overhung helical gears for long life, quiet operation and compactness. 
load capacity. ot ‘ Line-O-Power Drives are the last word in modern symmetrical! 
f ne Emcee rte =o camel design. Wherever enclosed gear drives are used, they assure a clean- 
dense, sturdy castings to give maxi- cut, efficient power package unit. 
oe Sy os ae Seine FOOTE BROS. GEAR AND MACHINE CORPORATION 
LARGE RANGE OF SIZES AND RATIOS— Dept. W, 4545 S. Western Boulevard Chicago 9, Illinois 
v: large range of double and triple 
reductions for capacities from 1 to 
200 horsepower. Ratios from 5 to 1 u 


P 

to 238 to 1 available for prompt delivery. # 
APPLICATION ADAPTABILITY — Line-O- 
Power drives wiil transmit power 
from any prime mover and are 


adaptable for horizontal side-wall or 


ceiling mounting upon order. Beller Trower Tratecown Through Celle — 











WRITE FOR SULLETIN LPA 


Foote Bros. Gear and Machine Conpesation 
Dept Wes 4545 S. Western Bivd 

Chicago 9, Illinois 

Please send me a copy of Bulletin LPA on 
Foote Bros. Line-O-Power Drives 

Name 

Company 


Posstion 


Add: 
Foote  — eels Alli« Maxi-Power re 
Helical Gear Drives Worm 6 Gear Drives City 
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- Faster Ditching...Greater Versatility | 
BUCKEYE 406 


GENERAL UTILITY DITCHER 


™ 
st-Cutt! ie V 


Co : 
02 npplication = 


VIICKERS 
HYDRAULICS 


| The Model 406 is a prominent member of the family of 
| Buckeye Ditchers described as providing “The Most Ditch 
| for the Least Money.” It has a reputation for fast digging, 
stamina and versatility. The telescoping boom provides 
digging depths down to 6’ to 8’; cutting widths are from 
17” to 24”. Being exceptionally compact, the 406 works 
in close quarters as well as in the wide open spaces. 










Vickers Hydraulics has an important part in the per- 
formance of the 406. The boom hoist is driven by oa 
Vickers Hydraulic Motor which provides positive control 
St all times . . . boom cannot float or sink in ditch. Raising 
®r lowering of boom is easily accomplished. Another 
Vickers Hydraulic Motor quickly shifts the conveyor from 
the extreme position on one side of machine to the other 
for any intermediate position). When working under 
@ose or irregular conditions, this feature is invaluable in 
@aining clearance. The Vickers Pump shown also supplies 
Power for the hydraulic brakes. 

Vickers Hydraulics improves the operation of a great 
Woriety of construction machinery. Get in touch with the 
fecrest office for information and data on Vickers 
hydraulic equipment designed and built expressly for 
construction machinery and information on other cost- 
cutting applications. 


$ Incorporated 
DIVISION OF THE SPERRY CORP 
1454 OAKMAN BLVD. . DETROIT 32, MICH. 


Application Engineering Offices: ATLANTA @ CHICAGO @ CINCINNATI @ CLEVE- 
LAND e DETROIT e HOUSTON @ LOS ANGELES (Metropolitan) ¢ MILWAUKEE 
NEW YORK (Metropolitan) @ PHILADELPHIA e« PITTSBURGH e ROCHESTER 
ROCKFORD @ ST. LOUIS @ SEATTLE @ TULSA @ WASHINGTON e WORCESTER 


ENGINEERS AND BUILDERS OF OIL: 
HYDRAULIC EQUIPMENT SINCE 1921 





4142 


FOUR MOVIES AND A BOOK ABOUT IT? 


Aluminum can be joined by every possible fusion 
process—something no other metal can claim. Yet 
a few years ago not many production men knew 
aluminum could be welded at all. What happened 
to spread all this know-how? 

Most of the credit goes to four Alcoa 
sound movies .. . Torch Welding, Arc Weld- 
ing, Resistance Welding and Brazing Alumi- 
num. Four movies and a comprehensive book 
describing all four processes. We seeded the 
industry with this basic literature. Now when 
a designer or a production man wants to join 
aluminum he not only knows he can weld it— 
he knows from free Alcoa literature, the best 
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process to use and the right way to go about it. 

Welding is only one topic in Alcoa’s Technical 
Library. Movies and books cover every phase 
of machining, forming, joining and finishing. 
Others describe aluminum’s uses by industries. 
Still other books aid in buying semi-finished 
aluminum products—made in Alcoa plants. Like 
screw machine parts, fasteners, extrusions, all 
forms of castings. 

The key to Alcoa’s technical library is a little 
folder which describes every piece of literature. 
You can get a copy from your local Alcoa sales 
office, or by writing: ALUMINUM COMPANY OF 
America, Gulf Building, Pittsburgh 19, Penna. 


IN ADDITION TO FLAT AND COILED SHEET 
@ ALCOA MAKES INGOT @ BAR @ ROLLED 
AND EXTRUDED SHAPES @ WIRE e ROD 
@ TUBING e@ PIPE © SAND, DIE AND PER- 
MANENT-MOLD CASTINGS @ FORGINGS 
@ IMPACT EXTRUSIONS e@ ELECTRICAL 
CONDUCTOR @ SCREW MACHINE PROD- 
UCTS @ FASTENERS e FOIL FABRICATED 
PRODUCTS @ ALUMINUM PIGMENTS e 
MAGNESIUM PRODUCTS 





THE ALCOA PRODUCTS ADVERTISED HERE ARE BACKED BY THE BASIC > 
ENGINEERING LITERATURE OF THE INDUSTRY... 





YOU CAN DESIGN ALMOST 
ANY SHAPE IN 


ae 
‘a? 
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IN ADAPTING THEM TO YOUR USE, YOU ARE INVITED TO MAKE FULL , > 


USE OF ALCOA’S OUTSTANDING ENGINEERING HELP 





When your design calls for a metal shape 
with an odd or expensive-looking cross sec- 
tion, chances are we can squeeze it out for 
you as an Alcoa Aluminum Extruded Shape. 

This remarkable metal-working process 
reproduces your design and spares you 


The use of Aleoa Aluminum Extruded 
Shapes frequently works major savings — 


by reducing the number of parts you need, 


The strength of Alcoa Aluminum alloys, 
their light weight and corrosion resistance 
may make an important contribution to 
your product. So may the clean-lined 


many of the design compromises required 
when parts are to be built up by welding 


or riveting. 

Let’s get our heads together. 
the 
stage to the finished extruded shape. 


work with you from drawing 


Alcoa will 


board 


by eliminating machining, and by cutting 


Often dies 
themselves on the first thousand pieces. 


assembly operations. pay 


sections which extrusion produces. 


fc or 


The accumulated research and produc- 


tion experience of Alcoa is available to tailor 


these properties to your particular needs. 





DESIGN PROBLEM? 


“ALCOA ALUMINUM EXTRUDED — 
SHAPES” is an informative 
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Aluminum Company of 
21538 Gulf Boding, Prisborgh 19, Pou 


Flome sand & bee apy of "ACOn Mayunen RIED. 
Paperweight to: 


Nome 
Tite_ 
Company 
Street 
City. 











AddAe 











1950 








THESE ALCOA PRODUCTS WERE DEVELOPED IN 62 YEARS’ RESEARCH, 9 
PRODUCED BY ADVANCED ALCOA PLANT EQUIPMENT... 











Take a few extra minutes to figure your next screw 
nachine job in both Alcoa Aluminum and brass. The 
big saving is possible because you get as many parts 
from 1 pound of aluminum as you get out of 3 pounds 
of brass. 

Machining aluminum frequently costs less. And 
you eliminate finishing altogether because it resists 
corrosion. But if painting or plating are desired, 
remember that aluminum takes any finish other 
metals take. 

The free book, ‘‘Alcoa Aluminum in Automatic 
Screw Machines’’, contains complete information on 
designing and machining. Write ALUMINUM COMPANY 
oF AMERICA, 2117E Gulf Building, Pittsburgh 19, Pa. 
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” THE ALCOA PRODUCTS ADVERTISED ON THESE PAGES ARE BACKED BY ” 
ALCOA’S RIGID QUALITY CONTROL... » 





Have you iigured aluminum forgings lately? Alcoa 
has brought quantity prices down with new 
production techniques, improved facilities. Now 
you can stay within cost limits... and still give 
your product the benefit of these competitive 
design advantages: 


@ Light weight, combined with forged strength and 
compactness 


Tough, finely-knit grain structure 
Excelient, uniform physical properties 
Superior machinability 

Attractive appearance 

High resistance to corrosion 


Rapid heat transfer 


Here’s the answer to many a difficult design prob- 
lem. Maybe yours. It’s easy to find out. Our forg- 
ing specialists are ready to work with you. Just 
mail the coupon below, or call your nearby Alcoa 
Sales Office. 


Atuminum COMPANY OF AMERICA 
1808E Gulf Building 
Pittsburgh 19, Penna. 





1 would like to have full information on the advantages of 
alu a forgings for the following application: 


Company —___ 
Address __ 
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ALCOA PRODUCTS ARE PROVIDED FROM ALCOA PLANTS 
IN CONVENIENT SEMI-FABRICATED FORMS... 





Sand & Permanent Mold Foundries 


DETROIT, MICHIGAN 


Cutaway view of the Hypersonic Transducer factured by The Brush 
pany which finds industry-wide application for emulsifico- 
tion, os oem homogenization and degassing of various liquids and solids. 











BRIDGEPORT, CONN. 
Would you torture your product with a test like this? 


Brush Development tests the castings we make for their .. 62h 
Hypersonic Transducer by filling them with oil under = 
1,000 pounds pressure—then gives them the quivers at 
125,000 vibrations per second. Yet not a trace of oil 
seeps through. 
Whether you're after pressure tightness—or faster " 
machining—or lighter weight—or lower finishing costs Sand & Permanent Mold Foundries 
—specify Alcoa Castings. The larger the run—the - 
tougher the job—the more Alcoa's modern foundries can a 
save you. No others match our 62 years of aluminum be LOS ANGELES, CALIF. 
experience. Few equal our production facilities. - 
Look for Aluminum Company of America listed in 
your phone book under ‘‘Aluminum’’. Call there for 
a casting specialist, or write ALuminuM CoMPANY OF 
America, 1999E Gulf Building, Pittsburgh 19, Penna. 


Sand & Permanent Mold Foundries 


ALUMINUM CASTINGS 
a egey | 
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THESE ALCOA SALES OFFICES Wi// Aid You 


sof the Alco? prod- 


preced- 


, litero- 
ron of 


meets ye 


ALABAMA 
Birmingham—505 First National Bldg. 
Phone 4-8593 
CALIFORNIA 
Los Angeles—108 West 6th Street 
Phone Tucker 5121 
Son Francisco—615 Russ Bidg. 
Phone Yukon 6-6484 
COLORADO 
Denver—524 U. S. National Bank Bidg. 
Phone Tabor 4638 
CONNECTICUT 
Fairfield—1333 Post Rood 
Phone Fairfield 9-5221 
Hartford—Capital Bidg., 410 Asylum St. 
Phone Hartford 5-2192 to 5-2196 
DELAWARE 





9 Del e Trust Bidg. 
Phone Wilmington 8-4138 and 8-4139 
FLORIDA 
Tampo—1004 Tampa Theatre Bidg. 
Phone 2-1984 
Miami—1129 Alfred |. Du Pont Bidg. 
Phone Miami 9-065! 
GEORGIA 
Atianta— 1800 Rhodes-Hoverty Bidg. 
Phone Cypress 4681 -2-3-4-5 
ILLINOIS 
Chicago—520 N. Michigan Ave. 
Phone Delaware 7-818! 
Peoria—415 Commercia! Not!. Bonk Bidg. 
Phone 3-4224 and 3-1784 
INDIANA 
Fort Wayne—1935 Lincoln Tower 
Phone Eastbrook 4676 
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Indianapolis—817 Merchants Bank Bidg. 
Phone Market 2501 
South Bend—805 J. M. S. Bidg. 
Phone 2-3333 
1OWA 
Davenport—503 Kehi Bidg. 
Phone 2-6243 and 2-6244 
KANSAS 
Wichite—41) Fourth Natl. Bank Bidg. 
Phone 5-6624 
KENTUCKY 
Lovisville—1154 Starks Bidg. 
Phone Wabash 7456 and 7457 
LOUISIANA 
New Orieans—627 Whitney Bank Bidg. 
Phone Cano! 3372 
MARYLAND 
Baltimore—400 Baltimore Life Bidg. 
Phone Saratoga 8091 to 8094 
MASSACHUSETTS 
Boston—20 Providence St., Park Square 
Phone Hancock 6-2638, 6-2639, 
6-2640, 6-2641, and 6-2694 
Springfield—507 Tarbeli—Watters Bidg. 
Phone Springfield 3-5103 
MICHIGAN 
Detroit—610 New Center Bidg. 
Phone Trinity 1-8100 
Grand Rapids—812 Michigan Natl. Bank 
L.Jg., Phone Grand Rapids 9-0209 
Jackson— 1203 National Bank Bidg. 
Phone Jackson 2-8206 
Pontiac—30! Pontiac State Bank Bidg. 
Phone Pontiac 4-1531 
MINNESOTA 
Minneapolis— 1060 Northwestern Bank 
Bidg., Phone Atlantic 3528 
MISSOURI 
Kansas City—2300 Power & Light Bidg. 
Phone Victor 3870 
St. Lovis—10th Floor, Continental Bidg. 
Phone Franklin 6700 
NEW JERSEY 
Newoark—744 Broad Street 
Phone Market 2-6664 
NEW YORK 
Albany—90 Stote Street 
Phone 4-0146, 4-0147, 6-7489 
Buffalo— 1880 Eimwood Avenue 
Phone Riverside 2880 to 2884 








New York—230 Park Avenue 
Phone Murray Hill 6-8046 to 6-8058 
Rochester— 133) Lincoln Alliance Bank 
Bidg., Phone Baker 2630 
Syrecuse—-408 State Tower Bidg. 
Phone 3-0156 
OHIO 
Cincinnati—80! Enquirer Bidg. 
Phone Parkway 7700 
Cleveland— 1450 Terminal Tower 
Phone Cherry 6880 
Columbus—40 South Third Street Bidg. 
Phone Adoms 525! 
Dayton—302 Harries Bidg. 
Phone Hemlock 1112 
Toledo—1801 Ohio Bidg. 
Phone Main 6295 
OREGON 
Portiand—510 The U. S. Notl. Bank Bidg. 
Phone Atwater 6605 
NORTH CAROLINA 
Charlotte—616 Johnston Bidg. 
Phone 4-9751 
PENNSYLVANIA 
Allentown—913 Hamilton Street 
Phone Allentown 3-7463 and 3-7464 
Philadelphio— 123 S. Brood Street 
Phone Kingsley 5-0250 to 5-0257 
Pittsburgh——2012 Oliver Bidg. 
Phone Atlantic 1-4545 
York—205 Manufacturers Bidg. 
Phone York 2044 and 7441 
RHODE ISLAND 
Providence—815 Industrial Trust Bidg. 
Phone Jackson 1-4108 and 1-4109 
TEXAS 
Dellas—301 Thomas Biag. 
Phone Riverside 6292 
Houston— 1806 Commerce Bidg. 
Phone Preston 7106 
VIRGINIA 
Richmond—213 Exchange Bidg. 
Phone Richmond 3-8393 and 3-8394 
WASHINGTON 
Seattle—1411 Fourth Ave. Bidg. 
Phone Main 1868 
WISCONSIN 
Milwovkee—735 N. Water Street 
Phone Marquette 8-0185 
DISTRICT OF COLUMBIA 
Washington— |! 200 Ring Bidg. 
Phone District 9400 
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FORMABILITY! 


ZINC DIE CASTINGS ARE EASILY SPUN 
OR OTHERWISE FORMED AFTER CASTING 


SPUN STUDS PERMIT RAPID ASSEMBLY & 


Thanks to the ductility of ZINC die castings, the two 
identical castings at the right are assembled easily to 
form a complete hub for a new type lawn mower 
wheel. Each casting has four integral studs and four 
holes. Assembly is completed by merely inserting the 
projecting studs on each casting through the holes on 
the other, and spinning the counter-sunk stud ends 
with an ordinary spinning tool. Abuse tests have proved 
that the spun stud type of construction provides an 
indestructible bond between the mating castings. 


FOR WHEELS OF UNUSUAL STRENGTH 


The above means of assembly was employed for each 


of the three sizes of rubber tired wheels pictured here. 
Although the average wall thickness of the die cast 
hub halves is only .05”, the J. G. Doyle Engineering 
Company has produced wheels of unusual strength. ? 

Designed primarily for use on lawn mowers, the sturdy ) 
construction achieved — at low cost — by the use of in ™ rN 

ZINC die castings, should make these wheels appli- Sibi sit 
cable for such other heavy duty applications as wheel- 


barrows, dollies, etc. 


The ability to perform spinning, heading, swaging, bending and 
forming operations on ZINC die castings is only part of the story 
of why ZINC is the most widely used die casting metal. Every die 


casting company is equipped to make ZINC die castings and will 
be glad to discuss their advantages with you. Or write to us. Mg” yh i c 


The New Jersey Zinc Company, 160 Front Street, New York 7, New York. FOR DIE CASTING ALLOYS 





The Research was done, the Alloys were developed, and most Die Castings ure ba: >d on 


HORSE HEAD SPECIAL (vnitccm auciny) ZINC 
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TORRINGTON NEEDLE BEARINGS 


give maximum 
load distribution 


Torrington Needle Bearings distribute radial loads 
over a greater bearing area than any other type of 
anti-friction bearing of comparable size. 

This unique engineering feature of Torrington 
Needle Bearings assures meximum load capacity 
for any given housing or shaft size. 

Where you encounter high load conditions with 
fixed or rigid space limitations, you will find the 
Torrington Needle Bearing specially engineered to 
give you this and other important advantages. Why 
not discuss your problem with our engineers? They'll 
be glad to help you. 


THE TORRINGTON COMPANY 
Torrington, Conn. . South Bend 21, Ind. 
District Offices and Distributors in Principal Cities of United States and Canada 





NEEDLE - SPHERICAL ROLLER + TAPERED ROLLER + STRAIGHT ROLLER + BALL * NEEDLE ROLLERS 





assembled at lower costs 


by TINNERMAN TIME-SAVERS’ 


It was a profitable decision when The Sessions 
Clock Company selected SPEED NUTS for an 
important job in the assembly of their famous 
“Melody” alarm clocks. 

By providing a simpler, faster method of attach- 
ing the movement to the plastic case, Push-on 
type SPEED NUTS aresaving thousands of dollars 
annually. This savings was reflected in lower parts 
cost, shorter assembly schedules, and fewer rejects. 


Clocks, cars, or cap-pistols . . . whatever you 


manufacture, you'll find that SPEED NUT brand 
fasteners can provide faster, more economical 
ways to assemble your products. May we conduct 
a convincir Fastening Analysis for you? Con- 
tact your linanerman representative for details. 
And write for your copy of “Savings Stories”. 
TINNERMAN PRODUCTS, iNC., Cleveland 13, 
Ohio. In Canada: Dominion Fasteners Limited, 
Hamilton. In England: Simmonds Aerocessories, 


Ltd., Treforest, Wales. 





ports 








studs in case 
resilient grip. Advantages: easy, fast assembly fews 


ntegral 


The SPEED NUT Way 4 Push-en SPEED NUTS rip 


holding movement in firm 


to handle; minimizes assembly damage 
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PRODUCT 


ENGINEERING 





Competitive Enterprise 


And the Product Engineer 


IN COMMERCIAL TRANSACTIONS costs 
are expressed in monetary units that fluctuate 
widely and rapidly in value. Tariffs, taxes, poli- 
tical situations, inflation and many other things 
tend to becloud the fact that material progress 
stems only from producing more with less labor 
and developing new products for better living. 

Comforts, luxuries and the physical welfare 
of man can increase only in the inverse ratio of 
the hours of labor required to produce the 
goods and services he wishes to enjoy. Part of 
the cost of the product is in the building, ma- 
chinery and equipment required for the manu- 
facturing operations. Some is in the materials 
and components purchased to build the product. 
The balance is the labor and supervision ex 
pended in making the product. 

The capacity and efficiency of the production 
machinery used is the greatest single factor de- 
termining costs. This applies not only to shop 
manufacturing operations, but practically to all 
other industries as well—construction, mining, 
transportation, farming and others. The effects 
of greater production with fewer hours of labor 
are obvious 

Only by producing more with less labor can 
man improve his material well being. That is 
And to do it, he 


must have at his disposal the most modern and 


the only way he can do it. 


efficient production equipment. The develop- 


ment of this equipment, as well as the products 
that it produces, are the responsibility of the 
design engineer. Thus it is that the design engi- 
neers’ accomplishments determine the course of 
nations and humanity and make available more 
and better products to enjoy and the leisure in 
which to enjoy them. 

Of course it is not solely the design engineer 
who does it all. He must have at his disposal 
certain of the resources and the backing of an 
organization, usually his employer. This organ- 
ization or employer must be permitted to 
operate in an atmosphere conducive to pioneer- 
ing and enterprise. There must be lively com- 
petition to goad the employer to taking the 
risks. And those who furnish the risk capital 
must be permitted to retain a reasonable por- 
tion of the profits, if there be any, to enable 
them to onderwrite subsequent ventures 

Oniy so long as we have competitive enter- 
prise and a successful manufacturer can retain a 
reasonable share of its profits, can design engi- 
neers continue to improve products, create new 
ones, and make possible the production of more 
with less labor—and thereby reduce the cost 
of finished products 


I FL pdladel 
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\ | | \ Seasoned troupe of 


\ 


\ 


cast in well:earned roles at | | 


NATIONAL TEXTILE SHOW 


4 ADAPT MYSELF MY Ol.-C/RCUA TING 
70 ANY SHAT SYSTEM /S$ 
BU/LT /N 


4 PUMP ANO 
CIRCULATE THE 
O/L / NEED 


/ REDUCE FLASH" 
FIRES /N 


/ FILTER ANO TREADLE ROLLS 
STORE THE 


O/L / NEED 


MY O14 18 
Bg| RENEWED BY 
"“WYPO" (NECTION 


g per MONTH at Atlantic City the great where visiting designers and engineers 
and growing textile industry stages its customarily spend much of their time. 
National Show, to present the latest and And no wonder! For most of the ad- 
best in processes and equipment. vances in ball bearing design for textile ma- 

Illustrated here are six ball bearings, chinery these last ten years came from New 
typical of the many originated and de- Departure. Engineering literature, descrip- 
veloped by New Departure. They will be tive of them, will be mailed promptly to 
on display at the New Departure exhibit requests on business letterheads 


Nothing Kale Lite a Zed... NEW DEPARTURE 


BALL BEARINGS ‘3 


SION OF GENERAL MOTORS oe BRISTOL, CONNECTICUT 
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He’s top man in his department, but—how does he stand in the corporate organization? 


The Chief Engineer 


His Status and Responsibilities 


A survey of Chief Engineers in basic industries shows wide differences in 
duties, responsibilities, and company standing. The main question is: To 
be or not to be, an officer of the company? Whether tis better to suffer the 
slings and arrows of outrageous fortune or to try for that V.P. position? 


ARTHUR LAZARUS 


Vice President, Day & Zimmerman, Inc. 


OFFICE BOYS are supposed to wind up 
as presidents, salesmen fully expect to 
be vice-presidents, and even the presi- 
dent's nitwitted brother-in-law gets on 
the Board of Directors. How about the 
engineer? If he gets to be chief engi- 
neer, then chief engineer he stays—in 
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the majority of cases. If all the Toms 
and Dicks and most of the Harrys can 
eventually get to be officers in a rm, 
why is the chief engineer left out? 
This state of affairs forces many young 
engineers into sales or management 
jobs, and deprives the engineering pro- 
fession of some of its best talent. 

In an effort to find out the exact 
status of chief engineers, today in a 


variety of industries, the following let 
ter was sent out to over 100 chief en- 
gineers 

"We do not believe the post of chief 
engineer is generally accorded the im- 
portance it merits. Whereas, the head 
of the manufacturing department and 
the heads of the sales and financial 
departments are usually vice presidents 
and members of the Board of Direc- 
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tors, this is infrequently the case with 
the chief engineer. Yet it is felt that 
the chief engineer performs just as 
important a function in a company as 
do the other executives.” 

“We should appreciate your co- 
operation in developing a more com- 
prehensive understanding of the posi- 
tion of the chief engineer. Would you 
tell us: (1) To whom do you report? 
(2) Are you given the status of an 
officer of your company? (3) What 
are your duties?” 

The entire results, gathered from 
the 79 replies obtained can be seen 
in the accompanying table. 


Divergent 


Opinions Expressed 


Even more interesting than the com 

iled results are the comments and 
ideas expressed in these replies. Among 
the overwhelming majority of those 
who are neither officers nor directors, 
the replies fell roughly into these divi- 
sions: 

1. Those who wanted to be a vice- 

resident and were somewhat bitter 
essies they weren't. 

2. Those who wouldn't touch a vice- 
president's position with a 10-foot 

le. 

Now here are some chief engineers 
who are perfectly happy to keep the 
position which they feel to be re- 
spected and respectable: 

“With all due respect to vice-presi- 
dents, why,” asked one chief engineer, 
“should a chief engineer want to be 
one of a number of vice-presidents, 
which is so often the case in larger 
companies, when you can be the only 
chief engineer in the company?” 

An equivalent view is expressed by 
a chief engineer of one of the larger 
oil companies: 

“I have not equal authority with 
most of our vice-presidents, but more 
than some. As a vice-president, | 
would have equal status with others; 
then in a company that may have from 
five to 40 vice-presidents, there is some 
advantage in being the only chief engi- 
neer. 

Another chief engineer believes his 
company would derive no benefit from 
making the chief engineer an officer. 
He feels he is strongly supported by 
the management, and can think of 
nothing which might improve this rela- 
tionship. The title, “vice-president” 
would be almost unbearable to a third 
chief engineer. 

Another group believes the chief en- 
gineer gets about what he deserves. 
When broader-minded, better edu- 
cated, more capable chief engineers are 
produced, the post will be accorded 
the importance it merits, in this view: 
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“In my opinion,” one chief engineer 
writes, “whether you call a man a chief 
engineer or not, if an individual has 
any ‘stuff on the ball’ you will find the 
position he is filiing is generally ac- 
corded the respect it deserves.” 

A vice-president of engineering in- 
jects a new note as follows: 

“Offhand, I would say that the 
status of chief engineer is very likely 
determined by his engineering and 
sales ability.” 

Another chief engineer has the im 
portance extended to the chief engi 
neer as determined by his capacity, and 
to a larger extent, by the nature of the 
organization with which he is asso- 
ciated. This thought has been suc- 
cinctly expressed by an outstanding en- 
gineer in this wise: 

“I have several times considered this 
matter, and without being able to 
speak authoritatively have reached the 
conclusion that the engineer in the 
industry pretty much occupies the posi- 
tion he deserves, based upon the im- 
portance of his contribution. In indus- 
tries where his performance is vital, he 
secms to have retained a relative rank- 
ing corresponding to his actual place 
in the picture.” 


Some Feel Slighted 


On the other hand, great numbers of 
chief engineers feel that they suffer 
real inequalities in their non-official 
positions. They say: 

“Aside from not having this status 
of an officer of the corporation, I at- 
tend management meetings and other 
small confidential sessions with direc- 
tors. Unlike an officer, I receive a 
straight salary only, without their 
‘earning clause’ which more than dou- 
bles their salaries.” 

‘This discrimination,” one engineer 
says, ‘‘also reflects itself in rates of 
pay,—in that sales, or even manufac- 
turing, are usually much more highly 
paid than men of engineering in com 
parable responsibilities or greater.” 

Another engineer states: “I can 
speak with feeling on the subject. As 
chief engineer for five years for a 
large company, I reported to the vice- 
president in charge of sales and was 
not an officer of the company. During 
the past 20 years in my present com- 
pany, I have reported to the works 
manager, who was at first vice-presi 
dent, and for the past 12 years presi- 
dent of this company. About eight or 
nine years ago I was made an officer 
of the company, not as an engineer, but 
with the title of assistant treasurer, 
only for the purpose of being one of 
several who is authorized to counter- 
sign checks and other such papers.” 

This same sentiment is expressed by 


still another man who states, ‘This un- 
doubtedly is due to the fact that there 
is a general feeling on the part of the 
average executive and run-of--the-mine 
vice-president, that engineers, includ- 
ing chief engineers, are sort of neces- 
sary evils of an annoying character.” 

Some chief engineers feel that inade- 
quate rating given to the profession 
may have serious connotations. They 
see a draining off of engineering talent 
to sales work, rather than to the im- 
provement of engineering. The follow- 
ing quotation sets forth this viewpoint: 

“While it is true that I sit on com- 
mittees of which the majority of the 
members are vice-presidents and other 
officers, and have an equal voice in the 
deliberations of the committee, yet the 
fact remains that the chief engineer in 
most companies is not given the status 
of an officer. I strongly feel that if the 
engineering profession were given a 
little more recognition in this and in 
other respects, we would not be ex- 
periencing the condition we have to- 
day, when 90 percent to 95 percent of 
the engineering graduates go into sales 
work, rather than into an engineering 
department where their education will 
certainly do the country most good.” 

One chief engineer feels that his 
lack of official status has a hampering 
effect in his dealings and encounters 
with company officials. He says: “I 
wish to point out that this is not pure 
vanity in my individual case. I feel 
with the status of vice-president a bet- 
ter coordination of effort and much 
cutting of red tape covld be effected 
There is one point which I wish to 
cover: That is, in regular get-togethers 
with top executives for meetings to 
discuss major issues, it is difficult if not 
impossible to handle meetings of this 
kind, which I think are of extreme 
importance, unless the people attend 
ing the meetings are of an approxi- 
mately equal status.” 

One engineer believes the compara- 
tive inferior position of the chief engi 
neer is due to the engineer's overcau- 
tion and in articulateness. He says: 
“All too frequently the professional 
engineer takes refuge behind the slide 
rule, and with laudable caution hesi 
tates to express himself on matters un- 
proved to him.” 

The net result has been that those 
more glib and less exacting men who 
look at wider horizons end up in top 
administrative posts. Are not the engi- 
neers themselves to blame in a large 
measure by their deliberate high in- 
tensity consideration of a small field 
of operation?” 

These foregoing opinions are not 
universally held. One chief engineer 
believes his fellow chief engineers are 
paid more geirously, and have greater 
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The Position of the Chief Engineer on Selected Industries 
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flexibility than most vice-presidents, to 
wit: 

“On the other side of the argument, 
however, we do want to point out to 
you that we believe in many cases the 
chief engineer is paid more money 
than the average vice-president, be- 
cause he is not so easily replaced; sec- 
ondly, because he usually and generally 
has more education than the vice-presi- 
dent; also, because the average vice- 
president cannot leave and be a 
vice-president somewhere else, but 
practically any chief engineer who has 
the experience and reputation for doing 
things, can go out and get a job as 
good as any he is holding, and if he 
cares to, can probably open a consult- 
ing office and do even better from a 
financial standpoint.” 


Job Titles Are Confusing 


If this survey shows anything, it 
shows that the title Chief Engineer is 
absolutely no measure of the position 
or duties of an individual. Probably 
the main reason why there is no stand- 
May, 
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ard position for chief engineer is be- 
cause it is no standard job. There is 
much disagreement among engineers 
themselves as to just what the job is. 
To quote from one of these letters: “I 
share your experience that a consider- 
able heterogeneity exists with respect 
to the duties of the chief engineer, 
The difficulty, I think, will always be 
with us, as long as the term: ‘engi- 
neer’, is used to describe a man who 
gets more heat in the apartment, and 
the man who designs the B-29”. 

And this opinion is borne out by 
many of the others who answered the 
questionnaire. 

Taking chief engineers by the in- 
dustries that they serve, it is quickly 
seen that there is a wide difference in 
the main responsibilities of the jobs. 
For example, the survey shows that 
chief engineers in the automotive or 
machine parts industries divide their 
time between product design and de 
velopment, and administrative duties. 
They are not too concerned with manu- 
facturing methods or maintenance. On 
the other hand, in the food, chemical, 








and building products industries chief 
engineers spend most of their time on 
the design and construction of plant 
facilities, and have few administrative 
duties. 

The industries which place a strong 
administrative demand on the chief 
engineer also reward him with a higher 
official position, Whether or not this 
trend towards administrative duties for 
the engineers is healthy, is open to 
debate—surely, many chief engineers 
find that an excess of these duties tends 
to overshadow their main function as 
an engineer. The status and responsi- 
bilities of the chief engineer in indus- 
try are not fixed, but are rather in a 
state of development. It is possible to 
note increasing recognition of his 
work. This trend is particularly dis- 
cernible in the iron and steel industry 
Further clarification and understand- 
ing of the chief engineer's responsibili 
ties and services are badly needed 

It is hoped that the present study, 
made possible by the cooperation of 
numerous representatives and chief en 
gineers, will contribute to that end 
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Estimating the Weight 


THE SIZE AND WEIGHT OF GEAR. SETS 
frequently are detriments that prevent 
or make difficult the accommodation 
of a drive in a machine or piece of 
equipment. In many instances the 
designer may seriously debate whether 
to use a gear set or whether to specify 
a direct drive, even though in the lat- 
ter instance the driving apparatus must 
operate at a speed that is inefficient for 
best performance. Therefore, it i 
helpful to have some guide for esti- 
mating the approximate weight of a 
gear set. 

The primary factors that determine 
the size of reduction gearing are horse- 
power capacity, pinion speed and gear 
ratio. ese three items comprise the 
power rating. To find a basis for es- 
timating weights, it is necessary to 
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Of Single Reduction 


Gear Sets 


How pinion speed, horsepower transmis- 
sion capacity, tooth contact pressure and 
speed ratio affect the weight of single- 
reduction gear sets. Charts, tables, and 
general relationships that will facilitate 
estimate without tedious analyses. 


D. W. DUDLEY 


Gear Engineering Division, General Electric Company 


Fig. 1—Typical singie-reduction gear 
set, consisting of a pinion and gear, oil 
reservoir and pump, and shaft exten- 
sions. The pinion and gear account 
for about 50 per cent of the weight; 
the casing, for 40 percent; and each of 
the other two components, approxi- 
mately 5.0 percent. 


combine these items into a single fac- 
tor that expresses quantitatively the 
size of the job that the gear set must 
handle. This factor then becomes a 
yardstick that can be used to deter- 
mine the approximate weight of the 
gear. 

From the weight standpoint, the 
size of a single-reduction gear appears 
to be best evaluated by the O factor 


Horsepower 
= 


(mo + 


Pinion rpm ma 


(1) 


x 


where mo—gear ratio—Pinion speed, 
Gear speed. 

It is obvious from this equation 
that the O factor depends post. serv 
on the amount of power used to drive 
the gear. The source of power and the 
nature of the load to which the gear 


is connected must also be evaluated. 
Frequently the horsepower figure used 
in computing the gear size is larger 
than the actual horsepower. Standard 
practice is to consider that a gear set 
has a unity service factor when an 
electric motor drive is used and the 
duty cycle is 8 to 10 hr per day, with 
not more than 100 percent overload 
at starting or more than 100 percent 
momentary overload during operation. 
For other conditions of operation a 
“service horsepower” is calculated as 
follows: 

Service hp = Actual hp x Service factor 

This service horsepower, rather than 
the actual horsepower, should be used 
to calculate Q-factor. Table I gives 
the service factors approved by AGMA 
for conventional gear applications with 
the exception of high speed gears. 


Basis of the Q-Factor—Weight 
Relationship 

To actually check the Q-factor— 
weight relationship, O-factors were ca!- 
culated for the nearest ratios to 2, 6, 
and 10, using published data from dif- 
ferent manufacturers of single reduc- 
- May, 
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Fig. 2—Mass plot of data from published information of gear 
manufacturers showing the Q-factor and weight relationship. 
Circles are for high speed gears, and crosses, for low speed gears. 


Fig. 3—Effect of tooth loading intensity on weight for full 
weight design. It is apparent that weight can be substantially 
reduced by designing the gear to carry heavier tooth loads. 


tion gear sets such as shown in Fig. 1. 
In this case, the gear set is a complete 
and independent piece of machinery. 
The unit comprises a pinion and gear, 
a complete gear casing, an oil reservoir 
and oil pump, and shaft extezsions. 
The foundation for the gear is sep- 
arate. Results of this mass plot of 
data are shown in Fig. 2. The circles 
are for high speed sets, and the crosses, 
for low speed sets. (In AGMA Stand- 
ard 421.02, a high speed gear is de- 
fined as one in which the pinion has a 
speed of 3,600 rpm or Cipher or a 
ws line velocity of 4,000 fpm or 
igher.) 

Although there is a considerable 
spread in Fig. 2 between the heaviest 
and lightest units, the data shows a 
definite correlation between weight and 
Q-factor. There is certain to be some 
variation due to one designer being 
more conservative than another and 
due aiso to differences in manufactur- 
ing methods. 

The logical basis for this relation- 
ship lies in the fact that when single 
reduction spur gears are designed for 
a constant Hertz contact pressure, the 
Q-factor is proportional to the face 
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width multiplied by the square of the 
center to center distance. Therefore, 
in estimating gear weights, it is im- 
portant to determine in advance the 
approximate intensity of tooth loading 
that can be successfully carried on the 
type of gear in question. There are 
several different formulas used to cal- 
culate the strength of gear teeth, the 
wear capacity of gear teeth, and the 
ability of gear teeth to resist scoring, 
abrasion, overheating, and other con- 
ditions encountered in service. For 


Table I—Service Factors for Gear Sets Under Different 
Operating Conditions 


| Electric Motor Drive 


Character of Load —— -_ 


Multi-Cylinder Gas 


| 
| 


general purposes, though, the K-factor 
serves as the best index of tooth load- 
ing. This factor is defined in AGMA 
Standard 421.02 as follows: 

: Ww me +l 

K= : 

Dr 
where W is the tooth load in Ibs per in. 
of face, D, is the pitch diameter of 
pinion in inches, and mq is the ratio 
of the number of teeth in the gear to 
the number of teeth in the pinion. 
Strictly speaking, the K-factor is only 
a measure of the surface durability of 
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the gear teeth. The teeth of soft and 
medium-hard steel gears usually have 
more strength than they have capacity 
to withstand wear. Hence, the index 
of surface durability becomes the limit- 
ing factor in determining the load car- 
rying ey of the gears. In fully 
hardened gearing, the strength of the 
teeth may become as important, or 
even more important, than the surface 
durability, but even in this case, the 
gear designer can often so proportion 
his design that enough strength will be 
available to match the capacity of the 
teeth to withstand wear. If strength 
is more limiting than wear, a proper re- 
duction in K-factor can still aid in ob- 
taining teeth of adequate strength. 
With this in mind, it is possible to 
use appropriate K-factors as a measure 
of the amount of load that can be 
carried on all types of gearing. 

For a simple single reduction gear, 
the relation of the K-factor to the 
amount of load that the set can carry 
is given by the following equation: 
KXOXF 

31,500 
where C is the center distance and F 
is the face width in inches. The effect 
of K-factor on the Q-factor and weight 
relationship can be seen in Fig. 3, 
which was prepared from Fig. 2. These 
curves clearly show that one method 
of obtaining lighter gear sets is sim- 
ply to design and build gears capable 
of carrying higher K-factors. 


O= (3) 


Allowable K-Factors for Different 
Applications 


Since the K-factor is of such impor- 
tance in determining gear weights, it 
is desirable to be acquainted with the 
load rating practice + different types 
of gears so that weights may be based 
on allowable K-factors 

Standard 211.01 of the AGMA 
covers the surface durability rating of 
helical gears used in low-speed general 


purpose applications. This standard 


does not use K-factor directly as a part 

of the rating, but indirectly the allow- 

able K-factor may be determined using 

the following formula: 

mag 1 
@ 


F, 

F 

where K, is the materials and hardness 
factor, mo is the gear ratio, C, is the 
velocity factor, and F,/F is the inbuilt 
factor to compensate for size of parts 
and possible misalignment of parts 
Examples of allowable K-factors for 
low-speed, general-purpose _ helical 
gears are shown in Fig. 4. In the 
AGMA standard previously referred 
to, a number of different hardnesses 
are shown for the pinions and the 
gears, and the load that can be carried 
is graduated according to hardness. 
To make Fig. 4 easy to read, only three 
different combinations of materials, in- 
stead of the full range, are shown. The 
two lower curves are for a pinion and 
gear of about the lowest hardness that 
would normally be used for a heat- 
treated set of steel gears. The middle 
pair of curves are for teeth having a 
hardness that is at about the limit of 
machinability for small and medium 
size gears. The upper pair of curves 
are for teeth having hardness that is 
ordinarily obtained by case-hardening 
and grinding. 

It will be noted that the allowable 
K-factor decreases as the face width 
increases. The reason for this lies in 
the fact that slight errors in gear teeth 
cause dynamic overloads when gears 
are run at high speed. The severity of 
the dynamic overloads increases as the 
speed increases, and also increases as 
the size and weight of the gearing in- 
creases. Since face width is a measure 
of size, and pitch line velocity is a 
measure of speed, it can be seen that 
the load rating of the gear can be ex- 
pected to decrease as these factors 
increase 

In many gear applications, the load 


K= K,xX x C, xX (4) 


Table Il—Gears Designed for Constant K-Factor Loads 


Application K-Factor' 


Turbine driving generator . 


Internal combustion engine 
driving centrifugal com- 
pressor 

Turbine driving pump or 
surge tank 

Automotive helical trans- 
mission gears 

Aircraft propeller 
planetary 

Aircraft propeller 
single reduction 


drives, 


drives, 


Service factor included in X-Factor. 


86 


Pitch Line Speed 


4,000 fpm or higher 
| 4,000 fpm or higher 


4,000 fpm or higher 
| (low gear) 


Usually less than 

10,000 fpm 

Usually less than 
4,000 f 


Minimum Hardness, Brinell 


996 


Pinion 


Gear—180 


Pinion—225 

Gear—180 

Case hardened to 58 Re min 
(587 Brinell 

Case hardened to 58 Re min. 
(587 Brinell) 

Case hardened to 58 Re min. 


pm. (587 Brinell) 


rating is not based directly on either 
speed or size. In these cases, the de- 
sign and manufacture of the apparatus 
provides sufficient accuracy and suffi- 
cient flexibility of connected shafts so 
that the dynamic load is held substan- 
tially constant in spite of changes in 
speed or changes in size of the gears. 
Table II shows some typical applica- 
tions where gear parts are designed for 
substantially constant K-factor loads. 
In these cases the K-factor is figured 
for the maximum horsepower applied 
to the gearing and no service factor 
is used to increase this horsepower. 
However, the maximum rated horse- 
power may be substantially higher than 
the horsepower at which the apparatus 
can be expected to operate for long 
periods of time. For imstance, in air- 
craft gearing the takeoff loads are fre- 
quently the limiting loads that deter- 
mine the size of the gearing. In auto- 
motive gearing the loads encountered 
in low gear will usually determine gear 
sizes. 

It is apparent that current design 
practice in gearing covers a wide range 
of K-factor values, going from as low 
as 55 or lower to as high as 1,500 or 
higher. The weight of the gear set 
will depend considerably on the K-fac- 
tor, so, where weight is important, it is 
desirable to use a high K-factor. It 
may not be practical, though, from 
manufacturing considerations or from 
a cost standpoint to design large gears 
in the high K-factor range. Equipment 
available at present for producing 
hardened and ground gears is limited 
to relatively small size gears—in most 
cases gears under 24 in. in diameter. 
The cost of making precision, fully 
hardened gears is much greater than 
that of producing gearing at low hard- 
ness which can be cut pe heat treat- 
ment. Thus, in many applications, the 
gearing is designed for a K-factor that 
will permit the use of low-hardness 
gear parts, which are readily machin- 
able. 


Other Factors Affecting Weight 


There are, of course, other factors 
than tooth contact pressure that must 
be taken into woe onanwem when esti- 
mating gear weight. The most impor- 
tant of these are: (1) number of parts 
of the gear set; (2) type of gearing 
involved; and (3) the materials and 
design techniques applied to the con- 
struction of the gear set. 


MATERIALS AND DESIGN TECHNIQUES 
It is possible to substantially reduce 
gear weights by using aluminum or 
magnesium for casing parts, and then 
making shafts hollow and gear webs 
thin so that a minimum amount of 
metal is used to support the gear teeth. 
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Fig. 4—Allowable K-factors for general-purpose low speed heli- 
Curves are based on AGMA standards 211.01. An 
entire family of curves can, of course, be obtained for various 
materials by plotting over a full range of hardnesses. Bottom 
curves are for low hardness machined gears; center, for high 
hardness machined gears; top, for case-hardened and ground gears. 


cal gears. 


Fig. S—How design and material effect the weight of gear sets. 
Upper curve is for conventional spur gearing and full weight 
construction; middle curve, for lightweight spur gearing with 
aluminum casing and other special design features; bottom curve, 
for light weight planetary gearing. Actual designs usually fall 
in region of middle curve. 


All curves are for $00 K-factor load. 


This type of design is obviously expen- 
sive, but is justified in ‘many aircraft 
applications when extremely _ 
weight is required. A comparison 
tween a conventional steel gear set 
operating at a 500 K-factor and a gear 
set having an aluminum casing and 
other special design features is shown 
in Fig. 5. The upper curve on Fig. 5 
is the same curve as was drawn on 
Fig. 3 for 500 K-factor tooth loading; 
it represents a set of full weight con- 
struction, which is a practical design 
but one that is seldom made. The mid- 
dle curve shows the average weight of 
light weight designs loaded to a 500 
K-factor intensity. Since light weight 
designs and high tooth loading tend to 
go together, actual designs in most 
applications follow the region of the 
middle curve more than the upper 
curve. 

The curves are all dashed at their 
upper ends because presently available 
manufacturing facilities in most cases 
make it impractical to fully harden the 
larger gears. The particular Q-factor 
at which the curves become dashed 
should not be interpreted too literally. 
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The dashed part of the curve is in- 
tended only to indicate that it is diff- 
cult and in some cases impossible to 


build gearing in large sizes capable 
of carrying a 500 K-factor load. 


COMPLETENESS OF THE GEAR SET: 
Obviously a complete gear set such as 
that shown in Fig. 1 will weigh much 
more than a partial gear unit which 
may sometimes be used. For instance, 
a cam shaft drive in a reciprocating 
engine may consist of only a pinion 
and gear. No casing is required be- 
cause the gears are mounted within the 
casing of the engine. Lubrication and 
shafts on which to mount the gears are 
also available. In such cases as this 
and others involving only a part of a 

ar unit, the following figures may 
be used as a rough approximation of 
the division of weight in the unit: 


Pinion and Gear 
Gear Shaft 
Casing 

Oil and Oil Pump 


50 percent 
5 percent 
40 percent 
5 percent 


TyPE OF GEARING: It is possible to 
considerably reduce the weight of gear 


sets by using planetary or other types 
of gears where the load is carried by 
more than one pinion. For instance, 
it is feasible to make a low-ratio plane- 
tary unit with as many as 10 (inets, 
Since each of these planets would carry 
a share of the load and each would be 
quite light in weight, a considerable 
reduction in weight can be obtained if 
a set can be built with sufficient ac- 
curacy to guarantee that the load is 
properly shared. The difficulty in mak- 
ing all the planets share the load, how- 
ever, may make it necessary to design 
these units for a lower K-factor than 
when a single pinion and gear is used. 
In aircraft gear work it has frequently 
been necessary to design planetary 
units for about 4 the intensity of load- 
ing on a single reduction gear set. But 
even though planetaries may not be 
able to carry as high K-factor as other 
types of gears, the greater number of 
pinions makes possible a substantial 
weight reduction. The Q-factor dis- 
cussed previously can be used as a 
basis for comparing planetary gear 
weights with other gear weights, al- 
though it should be borne in mind that 











this factor does not apply strictly to 
this class of gearing. The reason it 
does not apply lies in the fact that low 
ratio planetary units can conveniently 
have a numbers of planets whereas 
high ratio planetaries may only be able 
to have 3 planets due to geometric lim- 
itations. This means that the low 
ratio planetary unit is better able to 
carry a high Q-factor in relation to its 
weight than the high ratio planetary. 

The lower curve on Fig. 5 shows an 
average curve for light weight plane- 
tary units. In individual cases, the 
actual weights may lie below the 
curve if the ratio is low and all pos- 
sible efforts are made to reduce weight. 
The curve drawn is based on the as- 
sumption that a separate aluminum 
gear casing and a steel oil pump will 
be required as part of the set. Fre- 
quently an engine can be designed so 
that the planetary gear set will be 
housed within the casing of the engine. 
Obviously, a design along this line will 
show a gear weight that lies below 
the curve. Also, in some applications, 
weight is not too important, so thin 
steel casings are used and the gears 
and shafts are hollowed out to only a 
moderate degree. Such designs can be 
expected to weigh more than the lower 
curve on Fig. 5 indicates. 


Sample Problems 


The practical use of material pre- 
sented in this article can probably be 
best demonstrated by considering some 
sample problems. For instance, sup- 
pose that a designer requires a gear 


unit having the following specifica- 
tions: 


Rating—100 hp. 

Input Speed—2,000 rpm 

Output Speed—5s00 rpm 

Application—-Gas turbine starter 

Design Requirements—Small space avail- 
able to mount starter necessitates com- 
pact, lightweight design. Intermittent 
service amounting to less than 4 hr 
per day. Unit must be quickly replace 
able in case of trouble. 


The gear set required will have a 
4 to 1 ratio. The first step will be 
to determine the ratio factor (mo+1)* 
-+ me. For convenience, ratio factors 
for raios between 1 and 10 have been 
tabulated in Table III. For a 4 to 1 
ratio, the factor is 31.250. The O-fac- 
tor can be calculated by dividing the 
horsepower by the pinion speed and 
multiplying by the ratio factor. Thus, 
the Q-factor is 100/2,000 multiplied 
by 31.25 — 1.56. 

Since compact size and light weight 
are of vital importance in this appli- 
cation, it is necessary to use hardened 
gearing loaded to a 500 K-factor or 
higher. Going to Fig. 5, the single 
pinion and gear curve for a light- 
weight design shows a weight of ap- 
proximately 80 Ib for a Q-factor of 
1.56 while a planetary light-weight 
design for the same Q-factor shows a 
weight of 30 Ib. It might be possible 
to carry a greater load than that equiva- 
lent to a 500 K-factor on a single 
pinion and gear design, but it is 
doubtful if the K-factor could be in- 
creased sufficiently to decrease the 


weight to that of a planetary gear set. 
Also, the planetary design is inherently 
more compact than a single pinion 
and gear design. If the design of the 
gas turbine is such that it will pro- 
vide support, lubrication and part of 
the casing for this unit, it might be 
possible to make the design for appre- 
ciably less than 30 Ib. The exact 
weight, of course, could only be de- 
termined by having a competent gear 
designer design the unit exactly for 
the particular application. 

Suppose that a much larger, higher 
quel tak is desired for the following 
application. 


Rating—6,000 hp. 

Input Speed—10,000 rpm 

Output Speed—1,800 rpm 

Application—Turbine driving generator 

Design requirements—Gear must be quiet 
and capable of many years service with 
out repair. Size and weight not too im- 
portant; unit will usually carry full load 
24 hours a day. 


The Q-factor for this application is 
30.3. Since this is a high-speed set 
that must operate continuously, re- 
liability and quiteness are important 
and size and weight are secondary 
considerations. Therefore, the teeth 
of the gear unit could be soft enough 
to permit ready machining after hard- 
ening. The K-factor would have to 
be low enough so that the unit would 
have sufficient margin to compensate 
for dynamic loading effects due to 
speed and size and also to compensate 
for momentary overloads. For a high- 
speed unit of this type, a K-factor of 


Table 11]—Gear Ratio Factors for Single-Reduction Gear Sets 
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about 100 would be reasonable. The 
curve for 100 K-factor loading on Fig. 
3 gives an approximate weight for 
the unit of 12,000 lb. This weight 
would have to be considered approxi- 
mate, since it depends on whether the 
designer chose a cast construction or 
a fabricated construction, and also on 
whether or not the gear webs and rims 
were made thick or thin. 

Individual gear units from different 
manufacturers might be as heavy as 
15,000 Ib or might run as light as 
8,000 Ib. As in the case of the first 
problem, the exact weight could only 


be determined by having a competent 
gear designer design a unit for the 
particular application. 


Double Reduction Gear Sets 


The data presented in this article is 
intended primarily for single zeduc- 
tion gear sets since a Q-factor cannot 
be ey used to cover the com- 
plete ratio of double er triple reduc- 
tion units. However, a Q-factor can 
be calculated to cover each step in the 
reduction, and the resultant weights 
added together to determine the total 
gear weight. This total, however, 


wou] probably be more than the ac- 
tual weight since double reduction 
units usually share the same casing. 
Also, double reduction designs lend 
themselves quite ery to twin 
drives, in which one pinion drives two 
gears, or to other s cial designs that 
reduce weight. s just indicated, 
though, the data can be of some minor 
assistance in estimating double-reduc- 
tion gear weights since it can be used 
to establish a ceiling weight that would 
represent the weight of two single- 
reduction gears connected together to 
do the double reduction gear job. 





Chromium 


NEW DATA on the effect of chromium 
plating on the fatigue limit of aircraft 
steels are now available as a result of 
an extensive study conducted recently 
at the National Bureau of Standards. 

In this investigation, sponsored by 
the Navy Bureau of Aeronautics, speci- 
mens about } in. in diameter were 
machined from three lots of SAE 
X4130 rod and one lot of 6130 rod. 
The X4130 steel was either normalized 
to a Rockweil hardness of 90-B or 
quenched and tempered to a hardness 
of about Rockwell 40-C, while the 
6130 stock was quenched and tem- 
pered to a 33-C Rockwell hardness. 

After grinding, polishing, and 
chromium-plating, the specimens were 
subjected to fatigue tests in an R. R. 
Moore type of rotatirig-beam machine 
operating at 1,800 or 3,600 rpm. Eight 
or ten specimens were usually required 
to obtain the fatigue limit for any one 
set of conditions. 

In all cases, chromium plating was 
found to reduce the fatigue limits of 
the steels studied, although the effect 
was less pronounced under some con- 
ditions than others. 

In general, the reduction in fatigue 
limit increased with greater hardness 
of the steels. For material of a given 
hardness, the fatigue limit decreased 
with increased temperature of the plat- 
ing bath. 

It was discovered that the fatigue 
limits of specimens plated and subse- 
quently ground to remove a part of the 
plating were — to or greater than 
those initially plated to the same thick- 
ness as the ground specimens and 
tested as plated. 

Other experiments showed that in- 
terruptions of the plating process did 
not reduce the fatigue limit of the 
specimens provided proper — 
were taken for continuing the plating. 

Chromium-plated materials often 
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Plate Affects Fatigue Limit of Steels 


are heated to temperatures between 90 
and 200 C to improve their mechanical 
properties by expelling the hydrogen 
deposited with the chromium. Hence, 
a systematic study was made of the 
effect of heating on the fatigue limit 
of chromium-plated steel. 

Results showed that the fatigue 
limits of quenched and tempered speci- 
mens heated after plating decreased to 
a minimum value for some heating 
temperature between 100 and 300 C 
and thereafter increased with higher 
heating temperatures. Fatigue limits of 
specimens heated for one hour at 440 
C were, in some cases, 87.5 percent of 
that of the unplated steel, whereas 
fatigue limits of specimens plated bui 
not heated, and of specimens heated 
one hour (in air) at 193 C, were only 
about 68 or 27 percent, respectively, 
of the unplated steel. 

Three possible causes for the adverse 
effect of chromium plating on the fa 
tigue limits of the steels were: em- 
brittling effect of hydrogen deposited 
with the chromium, cracks in the chro- 
mium and residual stresses. 

However, it was shown that there 
was no simple relationship between 
the fatigue limit and the amount of 
hydrogen remaining in the chromium 
after a baking treatment. 

Further experimental evidence indi- 
cated that cracks present in the chro- 
mium were not the cause of the re- 
duced fatigue limits of the plated steels. 

It is generaliy agreed that residual 
stresses in a material markedly effect 
its fatigue limit. Thus, in steel, com- 
— stresses, such as are produced 

y shot peening, increase the fatigue 
limit; tensile stresses have the oppo- 
site effect. 

To show the presence of tensile 
stresses in electrodeposited chromium 
and the effect of heat treatment on 
these stresses, thin-wall tubes of an- 


nealed steel were chromium-plated and 
subsequently heated to different tem- 

ratures. “Tongues—strips about yy 
in. wide and 2 in. long, with one end 
left attached—were then cut in the 
tubing to permit a qualitative evalua- 
tion of stresses in the chromium plate. 

“Tongues” cut in plated — 
that had not been heated were foun 
to bend slightly outward from the sur- 
face of the tube, indicating the pres- 
ence of tensile stresses in the plate 

Baking the plated tubes at tempera- 
tures of about 200 C was found to in- 
crease further the tensile stresses in the 
chromium, as evidenced by the greater 
bending of the “tongue” away from 
the tube surface. 

From these observations, it was con- 
cluded that the decreased fatigue limit 
accompanying heating of plated speci- 
mens at 200 C was caused by increased 
stresses induced in the chromium 

This conclusion has been further 
substantiated by experience showing 
that electrodeposited chromium sub- 
jected to a heating-and-cooling cycle 
increases in density and thereby con- 
tracts. Since no significant dimensional 
changes occur in the steel oe com- 
pletion of the cycle, the steel tends to 
restrain the complete shrinkage of the 
chromium layer and thereby increases 
the tensile stresses in it. 

If the chromium-plated steel is 
heated to a sufficiently high tempera- 
ture (above 440 C), the contractive 
forces in the chromium produce sufh- 
cient tensile stresses to cause plastic 
flow or rupture of the chromium plate, 
thereby relieving the residual tensile 
stresses within. Thus, when the tubes 
were heated above 400 C and the 
“tongues” cut, the free ends were de- 
pressed below the surfaces of the tubes, 
indicating a release of the restraint in 
the steel initially caused by residual 
tensile stresses in the chromium 
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THE DIMINISHING 
MECHANICAL COMPARTMENT 
THROUGH THE YEARS 


1928 Open compressor, belt-con- 


sealed motor- compressor 
unit and fin type condenser 
made for compactness. 


Increasing condenser size 





made fan unnecessary. Me- 
chanical unit was relocated 
to make room for bin. 








Condenser was laid flat and 
mechanical unit moved 
closer to the back. 


Stack type condenser and 
unsymmetrical unit housing 
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made space available for in- 
sulating the storage bin. 


Suspension 
Of Compressor 
Unit Saves Space 


As evidenced by the above sketches, the principle trend in refrig- 
erator design has been toward increased food storage space 
within limited cabinet size. In announcing their 1950 models, 
Kelvinator engineers claim they have contributed substantially 
to this trend. The model VM box has a 12 cu ft capacity—but 
cabinet size is the same as 6 cu ft refrigerators of years ago. A 
new mounting design for the sealed motor-compressor unit is 
the feature of the new line. The unit is suspended so that a por- 
tion of it is outside the cabinet proper. Besides increasing avail- 
able cabinet space, the new mounting decreases noise and vibra- 
tion and improves the cooling of the unit. Nash-Kelvinator is 
in Detroit, Michigan. 
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THE 1950 MODEL VM refrigerator has capac- 
ity of 12 cu ft. Crisper section has a full-size 
drawer replacing last year’s tilting bin. 
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The insulation over the steel pan 
is compressed to minimize the bulge. All space within the 
mne-piece steel liner is refrigerated. (continued next page) 


HALF-ROUND STEEL PAN encloses all that remains of insulation is applied 


the mechanical compartment. The protrusion of the com- 
partment into the cabinet is even less evident after the 
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Refrigerator Design (continued) 


is actually out- 
mounting 
ondenser 


A PORTION OF THE SEALED UNIT 
side cabinet proper. A new single point 
arrangement allows the unit to project into the 
stack. In previous models, entire unit was within the cabinet 


and bolted down flat on the refrigerator b 


the 


ise 


MOTOR-COMPRESSOR UNIT is assembled compactly 
within the outside shell. Shell has ecceatric shape so outer 
side fits flush against condenser stack 


INSIDE of the condenser stack —" be 
addi 


VIEW OF 
point spring suspension of the refrigeration unit 
tion to releasing space for food storage, the li fr rom 
bottom to top mounting decreased transmission of sound 
Rubber snubbers in side clamp limits movement of unit 


FREEZING UNIT is of stainless steel, double wall con- 
struction. Outer wall is corrugated to provide channels for 
flow of refrigerant around unit 

May, 1950 
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High-Cycle Motor 
Drives Paving Breaker 


To overcome the problems of vibration and weight, engineers 
of the Homelite Corporation selected a high-cycle motor 
for their new electric paving breaker. This type of motor has 
no brushes, which are subject to excessive sparking under 
heavy vibration. Also, the weight of the high-cycle motor 
is 1/3 that of a 60 cycle squirrel cage motor of equal output. 
Power supply for the ‘reaker is 220 v, 180 cycle, 3 phase 
alternating current. Retaining rings are used whenever pos- 
sible in place of separable type fasteners which tend to loosen 
in impact service. To isolate vibration from motor and gear- 
ing, power is delivered to the tool through an air cushion. 
A safety circuit prevents operation of the breaker unless 
properly lubricated. Homelite is in Port Chester, New York. 
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THROUGH REDUCTION GEARING, high-cycle motor drives 
the crankshaft gear at 700 rpm. The connecting rod imparts 
a reciprocating motion to the piston, which compresses air alter- 
nately in the top and bottom ends of the floating cylinder. Air 
compressed on the down stroke of the piston forces the cyl- 
inder against the tool with a hammer blow. 
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A 6 HP GASOLINE ENGINE generator set sup- 
- electrical power for operation of the paving 
reaker. This highly portable set replaces the com- 
pressor outfits required for pnuematic hammers. 
Besides high-cycle current, generator delivers 110 v 
direct current for small tools and floodlights 


Lubricator handle 


Safety switch 
Jbu tforr 
yd Operating 
aawitth 
handle 


Gasket 


r Bi ss slot 
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” +-Gasket 
body 
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OW 


4 passages 
Pig wa ariled in casting 


PULLING UP THE LUBRICATOR PISTON 
causes oil to be drawn through a check valve from 
a reservoir into the body. The spring loaded piston 
forces the trapped oil into the lubeicating passages 
of the breaker. At the end of its stroke, the piston 
trips a switch, opening the power circuit 
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THIS MACHINE PUNCHES all required holes in an are arranged both vertically and horizontally so that flange 
automobile frame side-member. The two-section machine and web holes can be punched simultaneously. Die biocks 
consists essentially of 16 hydraulic piercing units. These hold the sidemembers in position during the operation. 


Standard Parts for Special Machines 


Although custom-built for a specific 

manufacturer of automobile frames, 

this machine required a minimum of 

original design. The Mueller Engi- 

neering Company of Dearborn, Michi- 

gan, have developed a standard group 

of components that are used through- 

out their complete line of piercing and 

riveting machines. Holes are punched 

in the steel rails by hydraulic piercing 

units. There are no limits to the num- 

ber and arrangement of piercing units 

that can be assembled to suit various 

frame designs. Controls and hydrau- 

lic power supply are also standardized, 

packaged units. Valves are operated 

either by solenoids or hydraulic pres- 

sure. Control of the large selector 

valves is electro-hydraulic. A solenoid 

controls the flow of pilot pressure 

which actually shifts the valve. A 5 to 

1 ratio booster steps up hydraulic ; 

pressure to 10,000 psi for the piercing © POWER UNIT for the machine includes electric pumps, solenoid-o rated 

operation. selector valves and an oil sump. Sequence of operation is automatic. Behind 
the steel panel in the photo above is a 60 hp motor with a double ended 
output shaft. This drives the main pump, rated at 77 gpin at 1,000 psi. 
A 7 gpm, 400 psi pump supplies pilot pressure and operates ejecting cylinders. 
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AT THE START OF THE OPERATION, solenoid B of a 
4-way selector valve is energized through an electric timing 
circuit. This admits pressure to all cylinders and opens the 
return side of all vertical cylinders to sump. Vertical pistons 
operate, locating the part in position. Near the end of their 
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stroke, the vertical pistons close limit switches, energizing 
solenoid D and opening the return lines of the horizontal 
cylinders. When the horizontal pistons reach their operat- 
ing position, they trip a limit switch, which sets up condi- 
tions for the intensified press. Visbere Sncergeveted. Beteits 
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Air-Electric Drive 
For Power 
Screw Driver 


The Shakeproof Power Screw Driver handles all types 
and sizes of screws from No. 1 by { in. to } in. by in. 
In operation, screws from a hopper travel down a track 
to the screw driver bit. The bit holds it firmly until 
the first few threads are engaged in the work. When 
the desired torque is reached, the clutch disengages 
automatically. Release of the foot pedal causes the 
spindle to return for another screw. If jamming occurs, 
caused by wrong-sized screws in the hopper, a simple 
mechanism permits a quick release of the jam. The 
screw driver can be reset for different screw sizes in 
20 min. The driver is electro-pneumatically operated. 
Air pressure moves the screw against the work, while 
an electric motor is used to drive it. A stepped pulley 
V-beit drive connects the motor to the spindle. Spindle 
speeds are 680, 1,250 and 2,400 rpm. A V-belt drive 
from the spindle operates the hopper feed mechanism. 
The latter incorporates a clutch, which prevents 
damage should clogging occur. The spindle can 
be provided with a limit stop for applications where 
it is desired to drive screws only part way. Shakeproof, 
Inc., a division of the Illinois Tool Works, is in Chicago. 





A 4 HP ELECTRIC MOTOR and a 50 psi air supply 
powers the screw driver. For the average application, the 
machine consumes one cu in. of air. Depressing the foot 
pedal opens a valve that admits air to the operating piston. 
Air pressure moves piston and the main spindle down 
against the screw. 





Redesign Increases 
Acid Resistance 


To extend the usefulness of their Model 6600 valve 
for corrosive fluids, Hills-McCanna engineers have 
adopted a flexible plastic diaphragm. The new dia- 
phragm is composed of a special formulation of poly- 
ethylene. Strong oxidizing chemicals, including 
sulfuric acid, are handied successfully by the valve. 
The valve body is available in iron, steel and other 
materials and may be lead or glass lined. In addition 
to using the plastic diaphragm, the designers have 
provided a safeguard against stem overtravel and 
added seals to prevent fluid leakage should diaphragm 
rupture. The Hills-McCanna Company is in Chicago. 
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TO SAFEGUARD DIAPHRAGM, travel stop has been 
added to valve. Collar on the stem bears against the hand- 
wheel retainer nut when the valve is closed. This prevents 
crushing of the diaphragm under excessive torque. 
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WHEN THE SCREW MEETS the work, the clutch is engaged ESCAPEMENT MECHANISM feeds screws singly 


and the bit rotates the screw. After a few threads have entered 
the work, the catcher is released. The spring-loaded jaw clutch the catcher to grip the scfew. Slotted collector ring 
disengages when its torque setting is reached. When the foot positions the screws ahead of the escapement mech- 


pedal :s released, spindle retracts resetting the catcher and a screw anism. The hopper shaft tha: turns the collector ring 
is again fed to it for repetition of the cycle is driven by a worm gear. 


to the catcher. A sliding bushing causes the jaws of 





PLASTIC DIAPHRAGM regulates fluid flow through the valve. SPECIAL SEALS in bonnet assembly are new feature 
New diaphragm is more resistant to oxidation than natural and These are required to make it impossible for acid ‘to 


synthetic rubbers used formerly. Valve successfully handles con- ‘pray out of the bonnet should mechanical camage be 
centrated sulphuric acid (66° Baume). done to the diaphragm. 
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Unitized Construction Extended 


To New Short Wheelbase Convertible 


The five-passenger “Rambler” convertible is the 
forerunner of a new series of 100 in. wheelbase 
Nash cars. Designed to compete in the lowest-priced 
automobile field, the car has two heavy steel roof 
rails framing the tops of the side windows. The 
roof rails are integral parts of a unitized body and 
frame structure and are intended for passenger pro- 
tection and car rigidity. Departing from conven- 
tional practice, the car does not use a pantograph 
mechanism for operation of the fabric top. Instead, 
the top is fastened to steel runners that slide along 
tracks in the roof rails. Nylon-covered steel cables, 
driven by an electric motor, pull the top into the 
open or closed positions. The car also features a 
new front end suspension in which the coil springs 
act directly on the steering knuckle supports. This 
takes the car load off the control arms. 
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INSTRUMENTS are in compact cluster on a protruding sec- 
tion that conceals the steering column. Ten circular louvers 
replace the conventional radio grille. 
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LIGHTER CONTROL ARMS now function only to keep DEFROSTER DUCTS are integral with fan housing. The 
wheels in alignment. Springs act directly on the knuckle five-bladed fan sets up -xial air flow into the passenger 
supports, so arms no longer carry the car weight. compartment and radial flow for defroster ducts. 


SO _ 
Air filter 

and heoter 

core 


HOT WATER CORE and air filter for the car's heating TO MAKE ROOM for the heater unit, the windshield 
system is located in the engine compartment. This increases wiper motor is mounted on the engine side of the firewall. 
legroom available for front seat passengers. Maintenance of wiper motor and cable is facilitated 


PANTOGRAPH LINKAGE, customarily used for operae CONVERTIBLE top is guided into place at the front by 
tion of a convertible top, is absent. Top is supported by two plate hook engaging pins in the rails. Clamps at each 
four steel crossbars that slide along the roof rails. side fasten top to the windshield header. 
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Bi-metallic Construction Extends Piston Life 


The ring area of aluminum alloy 
pistons is subject to a high rate of 
wear. As evidenced by the piston 
on the left in this picture, the top 
ring groove is especially affected. 
It is closest to the hot gases, re- 
ceives the least lubrication and is 
exposed to dust admitted through 
the intake. The United Engine and 
Machine Company of San Lean- 
dro, Calif., overcomes this problem 
by adding a ferrous metal insert to 
the top ring groove. The Al-Fin 
process, developed by Fairchild En- 
gine and Airplane Corp., is used 
to bond the insert to the aluminum 
alloy. The top ring groove of the 
bi-metallic piston has substantially 
the same wear resistance as the 
grooves in a cast iron piston. 

The insert is cast into place on the 
piston before ‘final machining. 





New Spark-Plug Raises Compression Ratio 


Feature of this rustproof spark- 
plug is the baffled firing chamber. 
On the cumpression stroke, gases 
are forc2d through 5 orifices in the 
baffle. When the spark occurs, these 
gases ignite first and are propelled 
from the chamber in the form of 
burning jets. It is claimed that the 
jet action causes the main body of 
gases to burn more completely than 
conventional plugs. Since the baffle 
displaces about 2 cc of the cylinder 
volume, use of the new plug in- 
creases compression slightly. Explo- 
sion of gases within the baffle tends 
to force out oil or foreign matter 
and thus prevents fouling. Monel 
and nickel are used for all metal 
parts except the ignition wire nut, 
which is brass. This choice of mate- 
rials makes the sparkplug com- 
pletely rustproof. The Thomas 
Automotive Products Manufactur- 
ing Co. of Rockford, Ill., makes it. 
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Plastic Rod Conducts Light to Phototube 


Heart of the University of Roches- 
ter cyclotron is the multiplier pho- 
totube that is used to measure 
radiation. To avoid the prvublem of 
locating the test device within the 
cyclotron itself, designers utilized 
a light conductive rod of acrylic 
plastic. This rod connects the an- 
thracene crystal to the phototube, 
which is housed in a light-tight box 
outside the cyclotron. Flashes of 
light produced when radioactive 
particle radiation strikes the crystal 
are conducted down the rod to the 
phototube. In this way, radioactiv- 
itv is converted to a measurable 
electrical quantity. To keep room 
illumination out of the system, the 
plastic rod is covered with a black 
paper shield which can be pene- 
trated by the radio-active particles. 
RCA makes the phototube. 





Induction Brazing Lowers Convector Cost 


This convector air chamber, orig- 
inally a heavy grey iron casting, 
now consists of 2 stampings and 
2 screw machine parts silver brazed 
together. Results of the redesign 
are improved appearance, reduced 
size and weight, faster production 
and a 15 percent decrease in cost. 
The stamped chambers equal the 
original castings in strength and 
air-tightness. Also, they are corro- 
sion resistant. The chamber body 
consists of 2 stampings, which are 
identical except one is spread to 
receive the other. There are 3 joints 
in the assembly and these are induc- 
tion brazed in one operatioa, using 
2 washers and one ring of brazing 
material. The chamber is finished 
in a bright dip. Young Radiator 
Company of Racine, Wisconsin is 
the manufacturer. Handy & Har- 
man supplies the brazing washers 
and rings used in the assembly. 
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Fig. 1—Steel box encloses the plastic clay half-section model of 
valve. Box is mounted in air supply line for testing. Plexiglas 
cover enables designer to observe air flow during the test runs. 


Fig. 2—After modifications and tesis are completed, plaster of 
Paris is poured into the test box. 


model of the valve contours required for minimam pressure loss. 


This provides permanent 


New Testing Techniques in 


E. B. POOL 


Research Engi_ecer, Edward Valves, inc 


ANY VALVE HAS THREE FUNCTIONS 
to perform: (1) To stop or reduce 
fluid flow; (2) to pass the required 
flow with minimum pressure loss; and, 
(3) to contain the fluid as Fee 
vessel. There are many fundamental 
types of design to accomplish the first 
function such as gate, disk, flexible dia- 
phragm and rotating plug. Each has 
advantages and disadvantages which 
affect its suitability for a given service. 
These are more or less well known so 
the valve engineer can readily select 
the type on which to base his design. 


Designing for Least Pressure Loss 


The two other functions involve 
considerably more design’ effort. But 
the new techniyues are intended to 
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save much of this. For example, the 
correct valve contours for least pres- 
sure loss is determined simply by test 
observations. 

Suppose that the valve to be de- 
signed is a 10 in. globe valve to con- 
form with the American Standards 
Association 900 Ib SP specification. 
This determines the basic port diam- 
eter of the valve and its overall length. 
It is assumed that the stem is at 90 deg 
to the pipe axis, and that the plane of 
the seat is on the pipe centerline. The 
diameter of the seat is to be the same 
as that of the port. The passages con- 
necting the ports and the seat are to 
be dovtapel shanty for low resist- 
ance to flow: 

The complicated flow patterns set 


up by the irregular shapes makes theo- 
retical analysis impossible. Trial and 
error is the only solution open to the 
designer. One possibility would be to 
work with actual valves. Knowing 
the basic dimensions given above and 
drawing om past experience, he can 
quickly design a valve which will ap 
proach to some degree the desired 
pressure loss characteristics. 

When the first design is completed 
a prototype valve is made. The valve 
is subjected to alternate testing and 
modifications until it complies with the 
maximum value of allowable pressure 
loss. 

Compressed air is the test fluid. This 
is metered through an orifice plate to 
the valve under test. The density of 
the air and its pressure drop are meas- 
ured at both the orifice and the valve. 

Fortunately, the theory of fluid-dy- 
namics permits the calculation of a 
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Fig. 3—Cardboard templates made from pilaster of Paris model. 
These are used to make mold and core patterns for casting the 
valve prototype in steel. The thicknesses of metal are estimated. 


Fig. 4—Subjecting actual valve to stress analysis. 
this test show where metal is to be added or removed from 
the valve walls. Two techniques of stress analysis are used. 


Results of 


Valve Design That ... 


L Cut Design Time in Half 
2. Lead to Better Performance 
3. Avoid Complicated Formulas 


single coefficient expressing the pres- 
sure loss characteristics of a given 
shape from test data with one fluid, 
one density and one rate of flow. This 
coefficient may then be applied to wide 
ranges of fluids, densities and flow 
rates to determine pressure loss in the 
given shape under most service condi- 
tions. Thus, compressed air can be 
used in testing all types of valves for 
fluid or gas service. 

The difficulties encountered in modi- 
fying shapes to obtain minimum pres- 
sure loss in actual valves are obvious. 


Propuct ENncIneerinc — May, 1950 


For each contour modification a pat- 
tern would have to be made and a 
casting poured and machined. Time 
and expense would prohibit testing 
sufficient shapes to arrive at the op- 
timum. 


Plastic Modeling Technique 


Fortunately, it is ummecessary to 
work with actual valves. Instead, a 
symmetrical half of the valve shape is 
formed from a plastic material similar 
to modeling clay. A steel box con- 
tains the plastic model, as shown in 


Fig. 1. The steel box has the correct 
end to end dimensions with flanges for 
attaching to the test equipment. A 
steel seat is mounted on a metal dia- 
phragm in the box. The entrance and 
exit pipes contain dividers so that 
there is no sudden contraction and en- 
largement of the flow stream upon 
entering or leaving the half model. 
The box is covered with a sheet of 
plexiglass clamped in place and thor- 
oughly sealed. Only a few minutes are 
required to remove the cover, change 
the shape of the model, replace the 
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cover and test the effect of the change 
on pressure loss. 

en this method was first at- 
tempted it was not certain that good 
correlation would be obtained between 
these half models and actual valves of 
identical design. Flow tests of many 
actual valves made from these models 
have shown repeatedly the reliability 
and accutacy of this method. It is 
further possible to construct models re- 
duced in scale as much as one to three. 
This permits the design of many valves 
from the same bex. 

The merit of a given contour is 
judged by the measured coefficient. 
However, with the infinite variations 
in shape possible, random trial and 
error procedure is very time consum- 
ing. As aids in visualizing flow pat- 
terns, supplementary techniques have 
been employed. (1) Streamers at- 
tached to pins stuck into the model 
give the direction of flow at local 
points in the valve. (2) Chemical 
smoke is introduced into the flow 
stream through a small tube, giving 
visual flow patterns. (3) Exploration 
with a pitot tube gives relative air vel- 
ocities. These methods suggest bene- 
ficial changes of shape, which are then 
proven by overall pressure loss meas- 
urements. 

A universal shape for globe valves 
cannot be developed because end to 
end standards for various sizes and 
pressure classes destroy the geometric 
similarity. The method has also been 
applied to angle, gate, and rotating 
plug valves with equal success. With 
this technique, pressure loss in valves 
has been reduced as much as 50 per- 
cent. 


Pressure Vessel Design 


After the pressure loss tests are com- 
pleted and the correct valve contour 
determined, plaster of Paris is poured 
inte the cavity of the half-valve. The 
plaster model thus obtained is kept 
as a permanent record of the valve 


= 

he next step is the construction of 
the valve body around this shape. 
Since the shape is not symmetrical, ac- 
curate stress calculations are impossi- 
ble. To determine the necessary wall 
thicknesses at the various locations, 
the designer must refer to the results 
of experimental stress analyses on simi- 
lar valve bodies. Therefore, much de- 
pends on the designer's skill in in- 
terpreting and applying these results 
to the new valve. 

The first trial steel casting is built 
from the plaster of Paris model. In 
doing this, the plaster of Paris model 
is sectioned perpendicular to the valve 
axis at uniform intervals. The design- 
er uses these sections for making tem- 
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plates, the inside contour of which 
represents the inside surface of the 
casting. The outside contour of these 
templates represents the outside of the 
casting and must be laid out by the 
designer. In choosing metal thick- 
ness, both the proper feeding of the 
casting to give sound metal and stress 
data accumulated on similar previous 
designs must be kept in mind. Flat 
or concave curvature on the exterior 
surfaces is to be avoided as high stres- 
ses result. 

The templates are laid out to shrink 
scale so that they can be used directly 
by the pattern maker. The template 
spacing conforms to the thickness of 
the wood laminations to be used in 
building ap the wooden pattern and 
the core box. 


Experimental Stress Analysis 


When the first casting from a new 
pattern is available, two techniques of 
experimental stress analysis are applied. 
First the brittle lacquer method is used 
to determine the location and direction 
of highest stresses on the outside of 
the casting when it is subjected to 
internal hydrostatic pressure. The brit- 
tle lacquer, sprayed on the casting, 
cracks at right angles to the direction 
of principle stress when a predeter- 
mined amount of strain occurs in the 
casting. Since the sensitivity of the 
lacquer depends on the temperature 
and humidity of the air as well as 
stress, the work is done in a room 
with year around air conditioning. 

As hydrostatic pressure is applied 
in steps to the coated casting, the area 
of highest stress will crack: first, then 
the next highest and so on. As cracks 
are noted, each area is marked with 
the pressure that caused cracking. Since 
the casting is designed for high tem- 
perature service where allowable stres- 
ses are low, a very sensitive lacquer 
must be used. Sensitivities of 0.0003 
in. per in. of strain are desirable. This 
sensitivity is best achieved by coating 
the valve at a higher temperature than 
that at which it is to be tested. The 
room is slowly cooled until the desired 
sensitivity is reached. The sensitivity 
is measured by deflecting a calibration 
strip coated at the same time as the 
valve and following its temperature 
history. 

The other method of experimental 
stress analysis uses wire resistance 
strain gages which are cemented to the 
valve body. As the body is strained 
by pressure, the gage wire is also 
strained. This changes its resistance. 
The change in resistance is measured 
on a sensitive potentiometer which is 
calibrated in microinches of strain. 
Through Young’s modulus this may 
be converted into stress. The two me- 


thods are complementary. The strain 
gages are much mofe accurate than 
the brittle lacquer, but the latter me- 
thod is usually used first to ‘find the 
points of highest stress and the direc- 
tion of the principle stresses. 

Strain gages are also used on inter- 
nal surfaces of the valve. High stres- 
ses are frequently encountered on the 
internal surfaces especially where small 
radii occur. Valves are also subjected 
to stresses from the adjoining pipe and 
from the closing of the valve disk. 
These have also been studied but the 
stresses are usually of much smaller 
magnitude than those caused by inter- 
nal pressure. 

Results of these stress analyses point 
the way toward leveling the stress dis- 
tribution in the body by addition and 
removal of metal through pattern mod- 
ifications. All such modifications are 
rechecked, both for pressure loss co- 
efficient and stresses. 

By redesigning valves for maximum 
utilization of metal, casting weights 
have been reduced as much as 25 per- 
cent. 


Pressure Loss Apparatus and 
Calculations 


The compressor used in the investi- 
gation described here delivers a maxi- 
mum of 4,000 cfm of air at 100 psi. 
This capacity is sufficient for testing 
valves up to 14 in. in diameter. 

The air is metered through a thin 
plate orifice. One of the seven avail- 
able is selected as most suitable for the 
valve being tested. Three of these 
mount in the 4 in. line shown on the 
cover aid 4 mount in a 14 in. line 
for testing smaller valves. These 
orifices, accompanying flanges, flange 
pressure taps, and piping are construc 
ted according to the ASME Research 
Reports on Fluid Meters. Therefore, 
the coefficients published therein can 
be used without further calibration. 

The air first passes through a con- 
trol valve, then it proceeds over to 
the right through the orifice line, 
in back of the instrument em then 
reverses direction, passes through the 
test valve or model, and exhausts 
through a duct under the floor. The 
instrument panel includes two 60 in. 
mercury manometers for measuring 
orifice and valve pressure differentials, 
an inclined water manometer for small 
valve differentials, and Bourdon gages 
for measuring pressure upstream from 
the orifice and the valve. The tem- 
perature of the air is measured by 
mercury thermometers in wells up- 
stream from the orifice and the valve 
Simultaneous readings of pou, 
temperatures, and pressure differential 
at both orifice and valve are recorded 
by the test and project engineers who 
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Fig. $—Special slide rule for computing results of air tests and predicting pressure losses under service conditions. 


are involved in the valve design 

Both the orifice and valve data 
may be analyzed with the same formu- 
la since both involve the same funda 
mental law 


W = 1891 KY Y 2 
where 


W = flow rate, lb/hr 
dP = pressure differential orifice or valve, 
psi 
e = specific volume of fluid upstream 
from orifice or valve, cu ft 
D = orifice throat diameter or valve port 
diameter, in 
K = flow coefficient, orifice or valve 
Y = expansion factor, orifice or valve 
For the orifice the specific volume 
is determined from the air tempera 
ture and pressure. The pressure dif- 
ferential and diameter are known. The 
flow coefficient and expansion factor 
are obtained from the ASME data. 
Therefore, the formula may be solved 
for the mass flow rate which is com 
mon to the orifice and the valve. The 
orifice coefficient varies slightly with 
Reynold’s number but over the range 
of conditions used this variation is 
less than 1 percent from a mean co- 
efficient for each orifice. This varia- 
tion is therefore neglected. 
For the valve some of the symbols 
are given a different interpretation. 
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The pressure difference measured be- 
tween taps 1 diameter upstream and 
3 diameters downstream includes any 
significant recovery of pressure drop 
caused by turbulence. It is, therefore, 
true pressure loss. This is not the 
case with the orifice. The throat or 
minimum diameter in many valves is 
not a well defined dimension. There- 
fore, port diameter is used The 
specific volume, usually different at 
the valve, is determined from pressure 
and temperature measurements. The 
expansion factor corrects for changes 
in specific volume of compressible 
fluids as the pressure drops through 
the valve. It has been empirically 
related to flow conditions. This rela- 
tion 1S similar to that for orifices 
covered in the above reference. The 
flow rate is known from the vrifice 
solution. 

Thus, all of the variables in the 
formula applied to valves have been 
determined except K, the valve flow 
coefficient, for which the equation can 
be solved. Once this K has been 
determined from the air test, it may 
be used with the same equation to 
solve for pressure loss under any other 
flow conditions with air, water, steam, 
gas, etc. It has been found that this 
coefficient does not vary appreciably 
with Reynold’s number over a mini- 


mum of 10,000 for almost all valves. 

Air tests conducted with this appa- 
ratus have been checked against tests 
of valves in actual service. It was 
found that pressure registered 
when steam, water or oil was used 
agreed closely with the air pressure 
drop in the half-section model. This 
proves the adequacy of the analysis. 

Soon after this test procedure and 
analysis were developed, it was found 
that the calculating time with a stand 
ard slide rule or calculating machine 
was several times greater than the 
testing time. Therefore, the special 
slide rule illustrated in Fig. 5 was de- 
veloped. The conversion constants are 
built into the rule, and the full range 
of each variable is covered, automati- 
cally locating the decimal point. Two 
fixed scales and two slides solve the 
above formula. Auxiliary scales com- 
pute specific volumes of air and water 
and expansion factors. A chart on 
the cover gives specific volumes of 
steam. Calculating time was thus re- 
duced to } that previously required. 

The success of these techniques in 
valve design indicates that considera- 
tion should be given to their applica- 
tion in other fields Reduced size. 
half-section models of cylinders, fit 
tings, accumulators, etc. might sim- 
plify the design of these components. 


loss 
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Different Mechanical Methods 


This is the second of three articles which feature types of connections used 
for tubing. The first was presented in March 1950 Product Engineering. 
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Fig. 1—Welded attachment of plates to Fig. 2—Self-tapping or drive screws can Fig. 3—Blind rivets, mechanical or explo- 
tubing by spot or projection welding. be used to attach devices to tubing. sive, can also be used for connection. 


Fe LL tattered 
‘ ‘ 








Fig. 4—Bolts or rivets make a rigid con- Fig. S—Clip device is a simple means for holding springs or hangars to tubing. Requires 
nection of plates to tubing. only single hole in tubing and metal prongs lock clip in position. 











Fig. 6—Fabrics are conveniently fastened to tubing using a metal clip. This clip is Fig. 7—Wood attachment uses a threaded 
inserted into fold of fabric and snapped into hole in tube. “T” out. Prongs hold nut in position. 
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Fig. 8—Fabricated attachment consists of Fig. 9—Threaded clip is held inside tubing by lug and insures a positive connecting 
welded sirip and riveted joint. device. Clip is used when tubing wall is too thin for screw attachment. 
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for Attaching Tubing 


This construction data has been prepared by the Product Developme 
Committee of the Formed Steel Tube Institute, Cleveland, Ohio. 





END FITTINGS 









































Fig. 10—End plug may be threaded or Fig. 11--Ornamental cap may be used to Fig. 12—Detachable cap uses bayonet- 
press-fitted on the OD or ID of tubing. give tubing finist >d appearance. type connection for convenient removal. 
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Section A-A 


Fig. 13—Threaded insert, welded inside, Fig. 14—Spring-steel nut is used for attaching objects to the ends of tubing. Nut 
facilitates the assembly of plates. requires two slots in the tubing and is held in position by screw. 
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Fig. 15—Arched-nut attachment requires no machining. Nut is first rammed into tube; Fig. 16—Rolled-end of tubing simplifies 
tightening of screw forces barbs into metal for positive anchorage. attachment of end fitting. 
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Fig. 17—Roll and press operation can be Fig. 18—Formed plate facilitates attach- Fig. 19—Flange fitting for piping is made 
used to firmly hold tubing in plate. ment of tubing by welding or brazing. by welding flange to tubing. 
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How to Use Extrusions 
Of Copper and Its Alloys 


Copper-base alloys can be extruded in a wide variety of shapes and sizes 
to make an almost limitless range of products with the addition of low- 
cost machining operations. Applications of copper alloy extrusions depend 
on material used, properties desired, volume produced, and complexity of 
shape. Case histories of actual products bring out design characteristics. 


R. CARSON DALZELL 
Chief Technical Advisor 


D. C, FINLEY 
Product Engineer, Extruded Shapes 
Revere Copper and Brass Incorporated 


WHERE A LARGE VOLUME is needed of 
dimensionally accurate parts, with com- 
plex cross-section, uniform properties, 
good surface, freedom from porosity, 
and machinability, extrusion is 


often the only economical production 
method. 


Extrusion is fundamentally one of 
the simplest of brass mill operations. 
A cast solid metal cylinder, the billet, 
is heated to a temperature from about 
1,200 F to 2,000 F. This :s placed in 
a pre-heated container and pressures 
from 35,000 to 140,000 psi are ap- 
plied, forcing the metal through a die 
of the shape desired. Total loads as 
high as 7,500 tons are sometimes used. 
These pressures and temperatures limit 
extrusion shapes and sizes in various 
alloys. Research on metals for hot- 
extrusion dies and die-design improve- 
ments are widening these limits. 

Brass extrusions are sometimes given 
one or two cold sizing or shaping 
draws, through other dies, to meet 
close dimensional tolerances or to form 
a shape that cannot be extruded to the 
finished form. With copper extrusions 
this is also done to improve the sur- 
face and stiffness of the shape. 

Extrusions are cut to specified length 
before shipment, ranging from frac- 
tions of an inch to twenty feet or more. 
These are ready for forging, drilling 
or other machining, as well as polish- 
ing and finishing operations. 

Copper-brass alloy extrusions have 
important advantages. Color is often 
a deciding factor, favoring these alloys 
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when the finished article is to be sold 
without plating. Of all the metals, 
only pot and copper-base alloys have 
color. Red, po . bronze, yellow, 
greenish yellow, and tinted whites are 
all available in copper alloy extrusions. 

if parts are to be plated, the copper 
alloys are unsurpassed, as adhesion of 
electroplates to these metals is excel- 
lent. In some decorative electroplates, 
where it is anticipated that the plate 
will wear off, it is common practice to 
select a nicke! silver extrusion to avoid 
color contrast. Other decorative effects 
are obtained with extrusions of con- 
trasting color, by polishing the platé 
off the high spots to develop a pat- 
tern. 

Copper-base metals form a slight 
tarnish film indoors, or an attractive 
ne outdoors. Copper and its alloys 
ave tarnish resistance superior to that 
of silver when exposed to home and 
industrial atmospheres. Aluminum is 
the only commercially extruded metal 
which is less affected. 

The extrudable brasses, bronzes, and 


nickel silvers have inherently good ma- 
chining properties. The metallurgist 
refers to them as having a duplex or 
alpha-beta crystalline structure, charac- 
teristically machining with small brittle 
chips. A great many of the extrudable 
alloys have lead incorporated to en- 
hance the machining and drilling prop- 
erties still further. 

In common with all of the copper- 
base alloys, the extruded all are 
readily soldered and brazed. ing 
by fusion welding is also possible, 
though seldom justified. If it is con- 
sidered necessary, one of the non- 
leaded alloys should be used. 


Properties 


Composition and approximate physi- 
cal and mechanical properties of cop- 
per and the copper-base alloys com- 
monly extruded with irregular cross- 
sections are shown in Table I. Other 
alloys extruded only in very simple 
shapes, will not be discussed. 

e alloys listed in the table on 





Maxirmurn depth 
appronmately 
lk2* wictth of slot 











Minimum width 
approxirnately equa/ 
to slot width 
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Square or round 
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Channel 





Slots 





Serrations 








GENFRAL SLOT AND GROOVE DESIGN LIMITS. Exact limits depend on the 
alloy selected and tolerances required in the finished part. 
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Extrusion Applications Demonstrate Practical Design Principles 


| These parts are made of copper because they are current- 
conducting elements in electrical apparatus. Since practically 
no machining is required, the extra cost of tellurium copper is 
unnecessary. Parts A, B and C could be made by casting, powder 
metallurgy, forging, or machining from bar stock. Comparison 
of finished parts and all secondary operations indicated a sub- 
stantial cost saving for extruded shapes, which are merely cut 
to required length, and holes are drilled. Part D is an exception 
to the minimum thickness rule. It is 44 in. long, with most of 
the section thickness } in. Square copper bar with milled slot 
was fitted in and silver soldered to thinner copper strip. 


The drawer pull shown as A is an example of combining 

artistic design with the potentialities of extrusion. A saw 
cut off every 4 in. gives a carefully shaped handle. The pieces 
are then drilled and tapped, tumbled and polished. Part B, 
an overhead crane trolley section, is another example of a part 
that can be produced economically only by extrusion. The 
The bellows diaphragm connection fitting shown as C and D 
must be very rigid and pressure tight, and must be of an 
alloy permitting rather deep drilling and tapping. Castings 
were not suitable because of porosity. Heavy strips could not 
be bent to sharp corners and assembly would be expensive. 


Part A was formerly made from round free-cutting brass rod. 

After the automatic screw machine operations, a flat was 
milled to a depth of } in. By feeding a round shape with the 
desired flat surface into the screw machines, the milling opera- 
tion was eliminated. In B, a flexible hose connection consisting 
of two halves was required to be non-rusting, strong and hard. 
Powder compacting was a possibility but walls are thin. It could 
not be made from rod or tube; the saw kerf would not allow 
two complete semicircles to remain. A simple and cheap solu- 
tion consisted of using the semicircular shape shown in No. 4 
alloy. Two of these together were fed into a screw machine. 


& Even the drawing operation will not provide the unusually 
close tolerance required on the teeth of the oil pump pinion 
(A), so this shape is pushed through a shaving die. The 
finishing operations consist of cutting off, drilling and reaming. 
The saving over precise gear cutting is great. Alloy No. 8 is 
used for strength and hardness combined with good machin- 
ability. Brass is required because these pinions rub against 
steel. Brass would be used even if the bearing problem were 
not considered, since the low cost of extrusion makes brass 
cheaper than steel in such a part. Samples B, C and D are 
other examples of eliminating longitudinal machining. 





page 108 have relatively high strength 
and hardness. All of them have a 
dense, fine-grain structure as a result of 
the great pressure and thorough work 
ing in the extrusion process, assuring 
freedom from defects that are common 
im cast metals. The shapes are smooth, 
uniform in cross-section, with sharp 
and accurate profiles. 

General corrosion resistance of these 
extrudable alloys, as of all copper-base 
alloys, is excellent. Tabulating resist- 
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ance to specific media, however, it is 
considered a practical approach to 
these problems. Individual corrosion 
problems must be considered sepa- 
rately, with associated factors given 
proper weight. 

It is characteristic of the brasses and 
bronzes that those alloys which hot- 
work easiest are least amenable to cold 
work. Bending, peening, swaging, and 
the like should be kept at a minimum. 
If the alloy is leaded, this limitation 


cannot be overcome by local heating. 

Design possibilities offered by ex- 
truded shapes are many. If a part has 
a constant cross-section it can probably 
be made from an extrusion. There are 
limitations which will be discussed 
later, but even some of these can be 
avoided by applying secondary opera- 
tions. If these secondary operations 
are not expensive, the net result can 
be superior to any other process. 

The cheapest way to produce ex- 
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These parts have substantial projections, but like 2B, should 

be put into automatic screw machines for high volume, low 
cost production. By extruding a solid section, the exact profile 
is obtained, located precisely in the correct relationship to the 
ring section. The solid section is then fed into an automatic 
screw machine to complete the part. Parts A and B are made of 
alloy No. 15. In addition to good machinability, A requires 
high strength. Part B was made from this alloy instead of alloy 
7 because the thin part of the projection cannot be extruded in 
alloy 7. Part C, part of a cylinder lock, is made of alloy No. 7 
for low metal cost, better deep drilling quality. 


The padlock body, A, replaces a casting. Cutting-to-length, 

drilling, and polishing operations finish it. There is no 
possibility of internal porosity to cause rejects. Strength is 
high, cost low, and appearance excellent. Another simple cut- 
off job is shown in B, a seat facing for valves, which is locked 
into castings by hammering into place. Close tolerances are 
required, and the metal must be dead soft. Because of these 
conditions Alloy No. 8 is used, though it is not usually recom- 
mended for peening. Bathroom fixtures that are examples of 
low cost attractive design are shown in Parts C and D. Design 
from extruded sections is “natural” in parts of this type. 


Part A is another example of an extruded shape making a 

simple screw machine job of an otherwise difficult part. 
Use of extruded design in parts B and C completely eliminate 
machining and surface broaching. The tiny slot in C illustrates 
the minimum size that can be extruded, about 1/16 in. square, 
and it is also as close to the edge as possible. The trumpet 
valve stock (D) is a precision job requiring only a cutoff and 
a machine finish operation. Another bad combination of 
longitudinal and circumferential machining was represented by 
the former design of part E. As a solid extruded shape the 


slow lengthwise machining operation is eliminated. 


It is difficult to conceive of A, B and C being manufactured 

any way except by using extruded sections. The intricate 
continuous and discontinuous curves would be prohibitive to 
duplicate in quantity by machining methods. They offer no 
great problems as brass extrusions. A similar part is a hinge 
assembly that has been manufactured for years by using extruded 
sections. The heavy brass hinge smacks of good quality, yet 
production cost is low. The extruded sections are cut to length, 
milled, drilled, and the pins sweated in. Part D replaces a 
casting on which the polishing and plating were too costly. Alloy 
No. 15 is used to facilitate extruding the long thin sections. 


tremely small quanties is to machine 
from bar stock by hand feed. Design- 
ing and making a pattern for sand 
casting might or might not cost as 
much as an extrusion die, depending 
on complexity. Extrusion-die costs for 
simple shapes start at about sixty dol- 
lars. Brass mills extrude from a billet 
weighing 50 lb or more, and — 
the buyer to order at least the product 
of one billet as a trial lot. 

Since a machined section is com 
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parable in almost every physical re- 
spect with an extrusion in the same 


alloy, the practical approach is to use 
a handmade part in the early stages of 
design. From these, dimensions and 
tolerances can be developed in con- 
sultation with brass mill engineer. 
The decision must then be made as 
to which alloy is desired for the trial 
extrusion run. Possibly it is desirable 
to have the extrusion match the color 
of another part made from a brass rod, 


strip or tube. In addition, one of the 
a listed in the first column of 
able Il might be considered im 
portant. Usually these narrow the 
choice down to a few of the available 
alloys. Then the last column of Table 
I is considered, in conjunction with 
prices and other requirements. 
Minimum thicknesses indicated as 
available in Table I are for small 
shapes. If the shape can pass through 
a 2 in. circle, the minimum gage can 
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Table I—Selection of Extrudable Copper-Base Alloys 





Desired Characteristic 
|(see table on page 


Alloy Name and No. | 
( 


Comments 
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Highest electrical and} Copper (No. 1) 
thermal conductivity 


Machinability poor. Excellent bending, 
peening. Average minimum thickness 


about 0.125 in. 





Over 90% conductivity) Free-cutting Copper 


plus machinability (No. 2) 


| Machinability very good. Bending good. 
Moderate peening, swaging. Average 
minimum thickness about 0.125 in. 








Good bending and flaring | Leaded Brass 
| (Nos. 4, 5, 6) 


Machinability zood. Sections must be 
relatively simple. Desirable minimum 
thickness about 0.187 in. 





Good punching 


Muntz Metal (No. 9) 


Moderate bends. Excellent brazing. 
| Machinability good. Fairly simple sec- 

tions and minimum thickness about 0.187 
| in. desirable. 





Excellent machinability | Free-cutting Brass 
(No. 7) 





Good strength. Slight bending or peen- 
| ing if dead soft. No restriction of sec- 

tions but minimum average thickness 
| about 0.125 in. desirable. 





(Nos. 14, 15) 


Architectural Bronze 


Good strength. No bending, peening. 
No restrictions on sections. Minimum 
| thickness about 0.062 in. 





Hot forging 


Forging Brass (No. 8) 


Strong and hard. Good machinability. 
Large radius bending permissible. Any 
sections cbtainable with minimum thick- 
ness about 0.125 in. 





High strength 
(No. 


Manganese Bronze 
13) 


Good wear resistance. Fair machin- 
ability. Simple sections with minimum 
thickness about 0.187 in. 





Arsenical Bronze 
(No. 16) 


Good wear resistance. Good bearing 
roperties, particularly at low speeds. 
xcellent machinability. Simple sections 

with minimum thickness about 0.187 in. 





Corrosion resistance 


| Naval Brass (No. 


11)| Fair machinability. Little to moderate 
bending. Good strength. ll sections 


possible with min. thick. about 0.125 in. 





| Leaded Naval Brass 


| (Nos. 10, 12) 


Good machinability. Otherwise same as 
Naval Brass. 








White color 


| 


| Nickel Silver (No. 17), 


Very hard and strong. Fair machin- 
ability. Some bending. All types of 
sections to about 0.187 in. minimum. 





Table Il—Standard Tolerances for Extruded Shapes 





Manganese Bronze 
ickel Silver 
Plain Extruded 


. : ; and 
Dimensions, in. 


Copper and 
Leaded Brass 
Extruded 


and Drawn 


Brass and 
Architectural 

ronze Plain 

Extruded 


Tolerances, in., plus and minus 





0.010 
0.015 
0.020 
0.025 
0.030 
0.035 
0.045 
0.060 


MrwUn-OOO 
s8s8ssss 


0.003 
0.003 
0.005 
0.0075 
0.010 
0.015 
0.020 
0.030 


wn" 





be produced. Larger shapes must have 
correspondingly heavier minimum 
gages, with the largest extrusions, 
those passing through an 8} in. circle, 
requiring about 0.250 in. minimum 
thickness. 

Fundamentally any part can be pro- 
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duced economically as an extruded 
shape if the “bounding surface” is 
parallel to the extrusion axis. This 
means that the shape must have a con- 
stant cross-section throughout _ its 
length and that any holes, slots or 
grooves not parallel to the longitudi- 


nal axis can be produced only by pierc- 
ing, drilling or other ent ma- 
chining sos Also, the shape 
must be solid; hollow shape extrusions 
in copper-bass alloys are not practical 
at this time. However, it is practical 
to design a multipiece cl shape 
held by interlocking lugs. 

Because of die-strength limitations 
at extrusion temperature, restrictions 
on grooves or channels are necessary. 
These are indicated in the accompany- 
ing sketch. For a deep channel adja- 
cent to a thin leg on an outside surface, 
such as the lefthand drawing, a = 
cial mill operation is necessary. 
possibilities of such constructions are 
too complicated for general discussion. 

A radius of 0.010 in. is considered 
a sharp corner. It is preferable to de- 
sign for 1/64 in. or even 1/32 in. radii 
at corners if possitle. 

Surface quality should be given care- 
ful consideration. Extrusions, par- 
ticularly if drawn after extrusion, have 
good surface finish; thus, polishing 
costs will be at a minimum. However, 
scratches and nicks will occur to some 
extent, if straightness is a requirement. 
It is not considered pane to define 
the surface quality of extruded copper- 
base alloys by micro.inches or other 
methods used for madiined or ground 
surfaces. The only satisfactory descrip- 
tion found so far is by submitting sam- 
ples to the brass mill engineer. 

Maximum size varies somewhat, but 
extrusions that will pass through an 84 
in. circle ase widely obtainable. Mini- 
mum size depends on the alloy, com- 
a of the shape, and accuracy re- 
= . Some shapes have been made 
that will pass through a 4 in. circle. 
Minimum section thicknesses are de- 
scribed in Table II. In copper-base al- 
loys, with an extrude pushing through 
an 84 in. circle, for best physical and 
mechanical properties, cross-sectional 
area of the shape should not exceed 
about 6 or 7 sq in. For heavier sec- 
tions it is often possible to design two 
or more interlocking shapes to form 
one large one. 

Standard tolerances are listed in 
Table Il. On part drawings critical 
dimensions and tolerances should be 
shown in decimal fractions; non- 
critical dimensions should be shown in 
either decimals or without tolerance 
requirements. If a tolerance closer 
than standard is essential, it should be 
indicated; however, tolerances looser 
than standard should be specified as 
well. The “exposed surface” should 
be indicated, signifying that best sur- 
face quality is required only on this 
area. The designer who avoids un- 
necessarily tight specifications will be 
rewarded with minimum die-charge 


and cost per pound for the metal. 
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Fig. 1—Three types of lug-pin combinations loaded under tension. 


Fig. 2—Three types of lug failure. 








Analysis of Lugs 
And Shear Pins 


Made of Aluminum 


Or Steel Alloys 


Method of analysis and procedure for the design of lug-pin 


combinations made of aluminum or steel alloys. Construc- 
tions analyzed include lugs of irregular section and lug-pin 


combination assemblies having multiple shear connections. 


F. P. COZZONE, M. A. MELCON, F. M. HOBLIT 
Lockheed Aircraft Corporation 


EXAMINATION OF MANY TEST RESULTS 
on lugs of different materials and 
geometries led to the conclusion that 
existing conventional methods of stress 
analysis of lug-pin combinations were 
conservative in some respects and 
rather seriously unconservative in 
others. It seemed desirable, therefore, 
to thoroughly overhaul the existing 
methods of lug analysis. 

The procedure for lug analysis that 
resulted from this investigation is pre- 
sented in the following discussion. It 
is based largely upon theory, but the 
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validity of the methods has been veri- 
fied by comparison with many tests. 
This procedure is applicable only 
to steel or aluminum alloy lugs of uni- 
form thickness, Fig. i, under tension. 


OUTLINE OF METHOD. In analyzing 
any lug-pin combination, all possible 
ways in which failure can occur, some 
of which cre shown in Fig. 2, must 
be considered. These are: 

1. Tension across the net section. 
Because of stress concentration, the ful? 
P/A stress cannot be carried. Failure 


to take account of this stress concen- 
tration can result in seriously uncon- 
servative design. 

2. Shear tear-out or bearing. These 
two types of failure are closely related 
and are covered by a single calculation 
based upon empirical curves. Previous 
methods based upon an arbitrary shear 
stress calculation have been excessively 
conservative. 

3. Hoop tension at tip of lug. No 
separate calculation need be made, as 
the shear-bearing allowables also ac- 
count for the possibility of hoop ten- 
sion failure, 

4. Shearing of the pin. Conven- 
tional methods are aioe. 

5. Bending of the pin. The load on 
the pin is assumed to be uniformly 
distributed along the pin and the ulti- 
mate strength of the pin is based on 
modulus of rupture. This assumption 
may be somewhat conservative, but to 
ignore pin bending completely can be 
very unconservative. Pin bending is 
easy to overlook as a cause of failure 
because pins seldom break; instead, 
bending of the wg concentrates load at 
the edges of the lug and causes the 
actual fracture to occur in the lug. 

6. Excessive yielding of the bushing, 
if a bushing is used. Yielding of the 
lug is considered to be excessive at a 
permanent set 0.02 times the pin dia- 
meter. Yielding of the lug mus* always 
be checked, as it frequently occurs at 
a lower load than would be anticipated 
from the ratio of tensile yield stress 
F,, to ultimate tensile strength F,, of 
the lug material. 

Yielding of the pin, and ultimate 
strength of the bushing are never criti- 
cal in aircraft practice where applied 
yield loads are between 0.67 (1/1.50) 
and 0.77 (1.15/1.50) of the applied 
ultimate loads. 


Factors OF Sarety. The proper 
choice of factors of safety is beyond 
the scope of this discussion. It is sug- 
gested, however, that lugs be designed 
conservatively, as their weight is usu- 
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Porn = Ki Fee Ac 
Lecenn. L, T, and N indicate grain in direction F 
in sketch: 
L = longitudinal 
T = long transverse 
N = short transverse (normal) 
MATERIALS 
Curve 1: 
4130 and 8630 steel 
14ST and 75ST plate -0.5 (L, T) 
75ST bar and extrusion (L) 
14ST hand forged billet < 144 sq in. (1) 
14ST and 75ST die forgings (L) 
Curve 2: 
14ST and 75 ST plate > 0.5 in., €1 in. 
75ST extrusion (7, N) 
75ST hand forged billet < 36 sq in. (L) 
14ST hand forged billet > 144 sq in. (L) 
14ST hand forged billet < 36 sq in. (T) 
14ST and 75ST die forgings (7) 
Curve 3: 
24ST80 plate (L, T) 
24ST extrusion (L, T, N) 
Curve 4: 
24STO plate (L, T) 
24STI plate (L, 7) 
14ST and 75ST plate > 1 in. (L, 7) 
24ST bar (L. T) 
75ST hand forged billet > 36 sq in. (L) 
75ST hand forged billet < 16 sq in. (7) 
Curve 5: 
195T6, 220T4, and 35616 aluminum alloy casting 
75ST hand forged billet > 16 sq in. (7) 
14ST hand forged billet > 36 sq in. (7) 
35 : Curve 6: 
Aluminum alloy plate, bar, hand forged billet, and 
die forging (NV) 
Note: for dic forging, N direction exists only at 
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Fig. 3—Values of tension efficiency factors of lugs. 


parting plane. 
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ally small relative to their importance, 
and imaccuracies in manufacture are 
difficult to control. An additional fac- 
tor of safety (over and above whatever 
fitting or casting factor is required by 
applicable specifications) of about 1.20 
is considered appropriate. In addi- 
tion, it is practice to provide 
sufficient material to permit drilling 
out the hole for a bushing, if such is 
noi already included in the original 
design. 


Notation and Nomenclature 


In addition to the letter symbols indi- 
cated in Fig. 1, the following notation 
is used: 


t = thickness of lug 

Fin = ultimate tensile strength of lug 
material 

Fiwe = ultimate vensile strength of lug 
material with grain 

Fuse ultimate tensile strength of lug 

material cross grain 

Fy tensile yield stress of lug material 
tensile yield stress of iug material 
with grain 
tensile yield stress of lug material 
cross grain 
compressive yield stress of bushing 
material 
applied limit load 
applied ultimate load, this value 


is usually 1.5 P; 


MS UO RES “RRL a Sa 


= applied yield load: Air Force and 
CAA equals P;, Navy equals 1.15 P; 
applied bending moment on pin 
allowable ultimate load 
allowable ultimate load as deter- 
mined by tension 
allowable ultimate load as deter- 
mined by shear-bearing 
allowable yield load on lug 
allowable yield bearing load on 
bushing 
projected bearing area 
minimum net section area for ten- 
sion 
efficiency factor for tension 
efficiency factor for shear-bearing 
Cc = yield factor 


Analysis Procedure 


The following outlined procedure 
gives the allowable load for each pos- 
sible way in which the lug-pin com- 
bination may fail. Adequacy of the 
part is then determined by comparing 
each of these allowable loads (yield 
or ultimate) with the corresponding 
applied load by means of the conven- 
tional margin of safety calculation. 


Given. Applied ultimate load P, and 
applied yield load P,; required fitting 
and — factors; pin and lug ma- 
terial; and as designated in Fig. 1, 
the dimensions a, w, D, D,, and thick- 
ness ¢ of lug. 


1. Preliminary Calculations. Com- 
pute w/D, a/D, D/t, 

Ay = Dt, and A; = (w — D)t 

2. Tension Across the Net Section. 
Enter Fig. 3 with w/D and obtain K, 
for the proper material. Obtain allow- 
able ultimate load P’,, for tension 
failure: 

P'm = Ki kin A; 

The efficiency factor K, given by Fig. 3 
is simply the reciprocal of an effective 
plastic stress concentration factor at 
ultimate load. Values of K, were ob- 
tained using typical stress-strain curves 
for the various materials, together with 
the appropriate elastic stress concen- 
tration factors to which a semi-rational 
correction factor had been applied. 

3. Shear-Bearing. Enter Fig. 4 with 
a/D and D/t and obtain K,,. Obtain 
allowable ultimate load P’,,. for shear- 
bearing failure: 

P' wu = Kio Ate Pius 

4. Lug Yield. Take the smaller of 
P's. and P' sy aS P’ omine Enter Fig. 5 
with P'sain/Ase Fiee and obtain C. 
Obtain the allowable yield load for the 
lug. 


Fu: 
P, i Penta 
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Fig. 4—Values of shear-bearing efficiency factors of lugs. 
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Curve “A” is a cutoff to be used for all 
aluminum alloy hand forged billet when 
the long transverse grain direction has 
the general direction “C” in the sketch 
Curve “B” is a cutoff to be used for all 
aluminum alloy plate, bar, and hand 
forged billet mf 

grain direction has the general direction 
“C” in the sketch; and for die forgings 
when the lug contains the parting plane 15 
in a direction 
the direction * 
Norte: In addition to the limitations pro- 20 
vided by curves “A” and “B”, 
event shall a Kor greater than 2.00 beL-I36 
used for lugs made from 0.5 in. thick or 
thicker aluminum alloy plate, bar, or 
hand forged billet. 


en the short transverse 
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5. Bushing Yield. Take A,,, as the 
smaller of the bearing areas of bushing 
on pin or bushing on lug. (The latter 
may be smaller as a result of external 
chamfer of the bushing.) Obtain al- 
lowable yield bearing load on bushing 

P' ey = 1 85 Fey Aies 

6. Pin Shear. Check pin shear in 
the usual manner. 

7. Pin Bending. For the construc- 
tion shown in Fig. 6, calculate bending 
stress in the pin resulting from the 
applied ultimate load P,, assuming 
My/I bending stress distribution and 
maximum bending moment as given 
by: 


P. 
M = - r 


(24 + &) 

This formula for bending moment 
follows from the assumption of uni- 
form bearing stress distribution across 
each of the three lugs. This assump- 
tion may be conservative in some de- 
signs and constructions by as much as 
30 percent. 

Obtain modulus of rupture of pin 
from ANCS5a or other authoritative 
source. For a solid round pin of any 
material having a tensile yield stress 
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F,, at least 75 percent of the ultimate 
tensile strength F,, and an ultimate 
elongation of at least 10 percent, the 
modulus of rupture will between 
1.60 and 1.68 times the ultimate tensile 
strength. 

If there is a gap between mating 
lugs, as shown in Fig. 7, the pin bend- 
ing analysis is the same except for the 
equation giving pin bending moment. 
In this event, the moment arm 6 is 
measured as indicated in Fig. 7, the 
loads P,/2 being assumed uniformly 
distributed, and the moment is then 
given by: 

P 
M=- 2 

If either of the foregoing analyses 
should show inadequate pin bending 
strength but an excess of strength in 
the lug, it may be possible to take ad- 
vantage of the excess lug strength to 
show adequate strength of pin, by the 
following procedure: 


A. Consider the pin loads to be uni- 
formly distributed over a reduced lug 
thickness as shown in Fig. 8, where the 
cross-section area becomes inactive 
This redistribution takes place because 
as the pin begins to bend, the bearing 


load on the Iugs tends to concentrate 
near the shear planes leaving some of 
the lug material inactive. The distribu- 
tion over the reduced thickness tends 
to remain uniform, however, because 
of the plastic behavior of the lug. The 
value of effective thickness to be used 
in the analysis may have any desired 
value and should be chosen by trial 
and error to give approximately equal 
margins of safety for pin and lugs 


B. Recalculate all lug margins of 
safety with allowable loads reduced in 
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Fig. 5—Values of yield factors for lugs. 
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Fig. 6—Lug-pin combination showing dimensions used in calcu- 
lating bending stress in pin caused by applied ultimate load. 


Fig. 7—Lug-pin combination with a gap between mating lugs. 
Sketch indicates the method of measuring the moment arm. 
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Fig. 8—Method of approximating effective lug thickness when 
recalculating the pin bending moment and margin of safety. 


Fig. 9—Design where the resulting eccentricity of load on lug 
introduces excessive bending stresses in adjacent 


structure. 


the ratio of the effective thickness to 
the actual thickness of the lugs. 


C. Recalculate pin bending moment, 
M equals P,b/2, and margin of safety 
using a reduced value of } as indi- 
cated in Fig. 8. Care should be taken 
not to reduce 6 as described in Para- 
gtaph (A) if the resulting eccentricity 
of load on the lug introduces excessive 
bending stresses in the adjacent struc- 
ture, as shown in Fig. 9. In such de- 
signs, the pin must be strong enough 
to distribute the load uniformly across 
the entire lug. 


LuGs OF IRREGULAR SECTION. For 
lugs of irregular section having the 
bearing load distributed over the entire 
thickness, Fig. 10, an analysis should 
be made based upon an equivalent lug 
with rectangular sections having areas 
equal to the actual sections. 


For lugs in which the bearing load 
is not distributed over the entire thick- 
ness, Fig. 11, no definite rules can be 
given; however, the general methods 
given in this article may be adapted to 
such designs. 


MULTIPLE SHEAR AND SINGLE SHEAR 
CONNECTIONS. Lug-pin combinations 
having the geometry indicated in Fig. 
12 should be analyzed according to the 
following criteria: 


A. The load carried by each lug shall 
be determined by distributing the total 
applied load p among the lugs as indi- 
cated in Fig. 12, 8 being obtained from 
Table I 

This distribution is based on the as- 
sumption of plastic behavior (at ulti- 
mate load) of the lugs and elastic 
bending of the pin, sal ees approx- 
imately zero bending deflection of pin. 





Table I — Coefficients for Multiple Shear Connections 





Total number of 
lugs including 
both sides 


Pin 
Shear, 
Ib 











B. The maximum shear load on the 
pin is then given in Table I. 


C. The maximum bending moment in 
the pin is given by the formula: where 
b is given in Table I, 
M = 9’ 5/2 

Single shear connections, Fig. 13, 
should be avoided wherever possible 
because of the high degree df tm. 
tainty in their analysis, which results 
chiefly from the unknown clamping 
effect of the bolt head and nut and rel- 


ative stiffness of the attaching mem- 
bers. 


Allowable Bearing Stress 


The concept that shear-tearout and 
bearing failures are essentially the 
same phenomenon can be used to ad- 
vantage to determine allowable bearing 
stresses for alloys for which no pub- 
lished bearing allowables are available 
or for ranges of a/D andD/t for which 
available values do not apply. 

The allowable load for shear-bear- 
ing failure of a lug was given pre- 
viously as: 

P' teu = Kee Ave Fins 

Dividing both sides of this equa- 
tion by Ay, gives the allowable bearing 
stress: 

Furs = Ky Fins 
The allowable bearing stress can be 
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Fig. 10—Irregular lug section with the bearing load distributed over entire thickness. 
This analysis should be based on a lug of equal area having a rettangular section. 
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Fig. 11-—Irregular lug sections with bearing load not distributed over entire thickness. 
No definite analysis rules apply for such designs but general methods can be adapted. 


obtained from this formula for any 
aluminum or steel alloy and for any 
value of 4/D and D/t, using the values 
of K,, given by the curves of Fig. 4. 
The bearing allowables thus obtained 
apply to holes near the edge of flat 
sheet, Fig. 1 (C), as well as to lugs, 
Figs. 1 (A) and (B). 

In ANC-5Sa allowable bearing stress 
is given only for 4/D equal to 1.5 and 
2.0, and only for D/t less than 5.5. 
The ANC-5a bearing allowables for 
a/D equal to 1.5 and 2.0 are in close 
agteement with Fig. 4. For values of 
a/D between 1.5 and 2.0, ANC-Sa 
specifies linear interpolation, which 
likewise is in good agreement with 
Fig. 4. For 4/D greater than 2.0, 


ANC. 5a calls for the use of the value 
for 2/D equal to 2.0, which is seen 


from a 4 to be conservative. 


The wide variation in K,, to be seen 
in Fig. 4 emphasizes the fact that 
allowable bearing stres; depends upon 
the geometry of the application and 
therefore is not a fixed property of 
the material like ultimate tensile 
strength or tensile yield stress. 

Yield allowable bearing stress like- 
wise can readily be determined, in the 
following manner: 

1. Obtain K,, from Fig. 4. 

2. Enter Fig. 5 with 


P’ onto 


ite = K,, and obtain C 


3. Obtain yield allowable bearing 
stress: 
Fy =C Ke Figs 
Values of F,,, thus obtained agree 
closely with values given in ANC-5a 
for 2/D equal to 1.5 and 2.0. 


Bearings and Bearing Factors 


A bearing may be defined as a lug- 
pin combination—or, more generally, 
any pin-jointed fitting—that permits 
relative movement between the parts 
joined other than that which results 
from the deformation of the parts 
under load. 

Allowable bearing pressures for 
bearings as thus defined are usually 
much lower than the allowable bearing 
pressures obtained by the methods pre- 
viously discussed, which consider only 
static strength. : 

Allowable bearing pressures for 
bearings depend upon such service 
conditions as frequency and extent of 
the relative motion, whether the rela- 
tive motion occurs under maximum 
load, and whether shock or vibration 
are present. It is believed that the lug 
geometry has little effect upon this 
allowable, but that for unlubricated 
bearings it should be proportional to 
the hardness, and hence to the ulti- 
mate tensile strength, of the lug or 
bushing material. 

Therefore if such an allowable is 
obtained by means of “bearing factors” 
such as given in ANC-5a, the basic 
allowable to which the factors are ap- 
plied should not be the bearing allow- 
able used in the static-strength analysis, 
but should instead be obtained from 
Fig. 4 or some particular 2/D, say 
a/D equal to 1.50, which would be 
used for all lugs regardless of the 
actual a/D. 

This check of the lug as a bearing 
should be made in addition to, rather 
than in place of, the static-strength an- 
alysis, since if a/D is very srall the 
static strength may be more critical. 
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Fig. 12—Method of distributing the total applied load among lugs in a multiple shear 
connection on the assumption of plastic behavior of lugs and elastic bending of pin. 
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Fig. 13—Single shear connection. This 
design should be avoided when possible. 
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Vector Diagram 


Checking System 


For Dimensions and Tolerances 


ALBERT M. STOTT 


Project Engineer, Pitman-Dunn Laboratory, Frankford Arsenal * 


Method based on vector concepts for determining and checking the di- 
mensions and permissible tolerances of component parts saves much 


time and labor, computations and chances of error are fewer. Versa- 
tility of the method is demonstrated with problems met with in dimen- 
sioning single and multiple pin jointed members under tension, com- 
pression and alternating loads, and in a telescoping assembly of tubes. 


IN. WORKING WITH DIMENSIONS hav- 
ing bilateral tolerances, most checking 
systems require individual treatment of 
each tolerance to obtain maximum and 
minimum values, and then a selection 
of the proper value for each calcula- 
tion. Many superfluous answers are 
obtained before the desired result is 
reached 

The use of a vector system, based on 
a method developed by C. Walton 
Musser, has yielded excellent results in 
the mechanical engineering design sec- 
tion of the Pitman-Dunn Laboratory 
at Frankford Arsenal. 

For the most part, this system re- 
quires only the addition of two sep- 
arate columns of basic vector dimen- 
sions with their respective tolerances 
attached, and the algebraic addition 
(considering opposite direction as ap- 
posite signs) of the totals of these 
columns. 

Vectors by definition have both di- 
rection and magnitude. Dimensions 
have magnitude. All that must be 
done, therefore, to convert a dimen- 
sion into a vector is to remove, physi- 
cally or mentally, one arrow-head to 
give the dimension a chosen direction. 

The choice of directions of all the 
. The data presented in thig article are those of 
the author and are not to be construed as official 


data released by the United States Department of 
the Army. 
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vector dimensions is made so that the 
successive vectors when placed to- 
gether will join head to tail, in the 
normal fashion, to make a vector dia- 
gram. The tolerances, likewise, are 
considered to be small vectors having 
direction and magnitude. If one de- 
iires a position for them, they may be 
placed Deside the basic vector dimen- 
sions to which they apply or in the 
vicinity of the resultant vector to which 
they will finally apply. 

In this system, it is only necessary 
to realize that a plus sign before a 
tolerance means that the tolerance goes 
in the same direction as the basic 
vector dimension to which the toler- 
ance applies. And also that a minus 
sign means that the tolerance goes in 
the opposite direction. 

Since tolerances are forever existent 
or available for use after assignment, 
never cancelling but always accumulat- 
ing, it is logical that they should be 
totalled under their respective true 
directions. The vector tolerances which 
will group together, Fig. 1, or add 
together hs their directions are 
the same, therefore, represent dimen- 
sion tolerances with like signs only 
when the assumed directions of the 
basic dimensions are the same. 

Signs of tolerances, being dependent 
on the signs of the basic vectors, must 


be considered whenever any change of 
sign is made to the basic vector. For 
this reason, algebraic addition is used 
when vectors representing tolerances of 
basic vector dimensions of opposite 
direction and sign are combined. 

Unilateral, bilateral and mixed tol- 
erances are handled with nearly equal 
ease under this system. Most assem- 
blies using the coordinate dimension- 
ing system make comparatively easy 
vector diagrams, since the dimensions 
along the respective axes can be treated 
separately. The system is still applic- 
able even if the drawing contains an- 
gular dimensions from which certain 
of the coordinate dimensions must be 
obtained by the normal trigonometric 
means. 

The simple block example, Fig. 2, 
indicates the basic considerations asso- 
ciated with the use of the vector di- 
mensioning system. In this example, 
the problem is to find the unknown 
distance AB. Going from A to B 
vectorially, the first step in the solution 
is to consider the four dimensions on 
the bottom row as vectors directed 
toward the right, and the two dimen- 
sions on the top row as vectors directed 
toward the left. The second step, as 
shown in Fig. 2, is to write these 
values in columns corresponding to 
their respective directions; then, total 
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Fig. 1—Addition of tolerance vec- 
tors having same direction regard- 
less of signs. Vector tolerances 
that group together represent di- 
mensiou tolerances with like signs 
only when assumed directions of 
basic dimensions are the same. 
































as 
FIRST STEP IN SOLUTION 
Fig. 2—Simple block problem and 
steps in its solution using the vec- 
tor dimensioning system. Prob- 
lem is to find the unknown dis- 
tance between A and B. Solution 
indicates basic considerations 
associated with vector system. 


SECOND STEP IN SOLUTION 


pa. _ ane 


Left 


Fig. 3—A vector directed toward 
the left is necessary to close this 


diagram. Conversely, B is to the 
left of A when the total resultant 
of all the vectors directed toward 
the left is greater than those di 
rected toward the right. 








FIG.3 


the columns and add algebraically the 
column totals in the manner shown. 

The resultant AB is a dimension 
7.000 with a plus tolerance of 0.013 
and a minus tolerance of 0.007. There- 
fore, 7.013 is the maximum value and 
6.993 is the minimum value. 

With the vector system the drawing 
dimensions are recorded exactly with- 
out any intervening computations. The 
drawings and the tabulations, there- 
fore, can be compared directly and the 
numbers can be “checked-off” when 
they agree. 

In complex problems, a number of 
dimensions may be included in the 
determination of the distances between 
mating surfaces. This condition does 
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not affect the system, since only con- 
tinuity of vectors is required. Whether 
or not the direction of successive vec- 
tors changes is of little mer ie as 
long as the vectors continue from one 
dimension line to the other without 
interruption and join head to tail. This 
statement does not imply that assem- 
blies having more than one unknown 
dimension cannot be solved by the vec- 
tor method. 

When solving problems that include 
more than one unknown, labeled vec- 
tors should be used with directions 
assumed that do not conflict with the 
continuity of the vector diagram. The 
assignment of answers to the un- 
knowns is then accortiplished by sep- 








arating the total resultant into dimen 
sions to suit the requirements 

When using the vector syste, it is 
recommended that the smaller result- 
ant be subtracted from the larger re- 
sultant, which consequently changes 
the signs of the tolerances of the 
smaller. Such procedure reésults in 
answers for the nal resultant dimen- 
sion and tolerances that can be more 
easily interpreted. Otherwise, if the 
larger resultant were subtracted from 
the smaller resultant the final resultant 
vector dimensions would be negative 
integers, the negative tolerance of 
which would produce the maximum 
(negative) dimension; and the posi- 
tive toleratice of which would produce 
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the minimum (negative) dimension. 
Although the procedure is theoretically 
correct, such results would undoubtedly 
be conf:_sin, 

In iain assemblies, there may be 
some uncertainty whether the resultant 
represents interference or clearance. A 
simple rule has been formulated to 
determine the exact condition. If the 
starting point A is on the left of the 
finishing point B of the vector dia- 
gram, then the total resultant of all 
the vectors directed toward the right 
must be greater than those directed 
toward the left. 

This rule is equivalent to stating 
that a vector directed toward the left 
is necessary to close the diagram be- 
cause those toward the right are 
greater; hence, A is to the left of B, 
Fig. 3. Conversely, if the total re- 
sultant of all the vectors directed 





a ee 
$-——»1 i7staor 


makes for less clearance and may re- 
sult in some possible interference. 


INTERFERENCE CONDITION: Vectors 
toward left greater than those toward 
right. Adding positive tolerance to 
basic dimension of AB makes for 
greater interference. Adding negative 
tolerance to basic dimension of AB 
makes for less interference with pos- 
sible clearance. 


An example of how the vector 
method is applied to a device having 
telescoping tubes is shown in Fig. 4. 
In mechanisms of this type, the length 
can be varied in some manner. It is 
usually desired to determine the ex- 
tended lengths as well as the assem- 
bled length. These lengths are often 
determined, as in this design, by the 
position of the stop shoulders. In 
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Fig. 4—Assembled length and extended lengths of telescoping tubes determined 
by the vector method. Calculations are minimized by combining tabulations. 


toward the left is greater than those di- 
rected toward the right, then B is to the 
left of A. If the total resultant of the 
vectors directed toward the right is 
equal to the total resultant of the 
vectors directed toward the left than 
A coincides with B; and, of course, 
their difference is zero, but the tol- 
erances must still be considered. 


CLEARANCE CONDITION: Vectors 
toward MK ht greater than those toward 
left. Adding positive tolerance to 
basic dimension of AB makes for 
greater clearance. Adding negative 
tolerance to basic dimension of AB 


Fig. 4, the computations are given for 
determining the lengths (as measured 
between the centers of the mounting 
holes in the end caps) when all tubes 
are closed, when only the innermost 
tube is fully extended, and when all 
tubes are fully extended. 

The work required in the example 
of Fig. 4 has been minimized by com- 
bining the tabulations for obtaining 
the various lengths. When only one 
answer is required, however, all un- 
necessary subtotals should be elimi- 
nated by employing the most direct 
method. 

To further explain the versatility of 


the vector dimensioning system, vari- 
ous conditions of members having pin 
or bolt connected joints will be con- 
sidered. For simplicity, the pins of 
the joints wil! be assumed to be per- 
pendicular to the members. In such 
designs, diameter dimensions appear 
on the drawings and often it is neces- 
sary to use radius dimensions as vec- 
tors. From a checking standpoint, this 
condition is unfortunate but it cannot 
be avoided. Nor can it be considered 
a fault of the vector system alone; 
since radii, and also radial clearances, 
of necessity enter into all systems of 
checking. 

A system of pin connected tension 
members is shown in Fig. 5. The same 
system is shown in Fig. 6 except that 
the members are in compression. For 
both conditions of loading, the varia- 
tion of member positions is clearly 
shown together with the shift in bear- 
ing surfaces and the centerline position 
of the holes. Note the contrast in the 
resultant dimensions. 

For purposes of illustration, the 
holes in the pair of members in both 
Figs. 5 and 6 have been considered as 
unequal in size. In practice, the holes 
are usually of the same diameter, and 
the problem is simplified. 

In Fig. 7, which shows pin con- 
nected members having holes of equal 
diameters, a vector C has been added. 
This vector represents the displace- 
ment of the centerlines of the holes of 
the joint, and is equal to the total 
clearance, that is, the allowance to- 
gether with the tolerances of one hole 
and the pin. Only one hole is con- 
sidered because both holes are the same 
diameter. The first or basic part of 
the C vector dimension as computed 
and written is the allowance, and the 
second portion is the tolerance or tol- 
erances. 

One of the mest convenient ways 
of considering this problem is to ima- 
gine that the centerlines are congruent 
in order to obtain a resultant vector 
dimension for an on-center condition. 
Then to this dimension add or sub- 
tract, as required, the displacement of 
the centerlines according to the type 
of load. 

If the resultant obtained, when the 
centers are considered congruent, is 
called R; then when the mernbers have 
opposing tension loads as in Fig. 
7 (A) 

X=R+C 


when these members are in compres- 
sion as in Fig. 7 (B) 


X=R-C 


when the pin fits the holes snugly as 
in Fig. 7 (C) 


C=0,and X¥,= R 
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5—-Assembly of pin connected 
loaded 
are of different diameters. 


in tension. Holes 


< 
2.1257 0.016 
4.1252 O02I+C 








075070016 
180-9016 
aer2: ooer 


-(3.e12* Soe") 
0.3132 $83F+e 


3.062- 0005 
0.251 + 0.001 
0.252 + 0.002 
0.7501 0.016 


#.313° Soe: 


- %.0281 





+ 0.042 
0.313. 0.037 


0. 002+ 0.003 
u+0.315" S853 
(8) MEMBERS IN COMPRESSION. BY INSPECTION, IT CAN BE 
SEEN THAT THE ONLY VECTOR AFFECTED SY REVERSAL 
OF LOADING IS THE VECTOR "C; WHICH SIMPLY CHANGES 
DIRECTION. THUS, IN THE CALCULATIONS, IT MUST BE 
SUBTRACTED INSTEAD OF ADDED AS IT WAS IN THE 
TENSION CASE. 
0.313 * 9938 
{0002 +0003) 


0.311 283835 
(C) MEMBERS SNUG FIT WITH PIN, C*0 
(MEMBERS IN TENSION OR COMPRESSION) 


u+ 0.313 22938 


Fig. 6—Assembly of pin connected members loaded in 


Fig. 7—Pin connected holes are equal size. 
compression. Holes are of different diameters. 


members, 
(A) In tension. (B) In compression. (C) Soug ft. 


This method of starting with the 
members in a neutral or centered posi- 
tion is also a convenient way to pro- 
ceed with reciprocating members, in 
such designs the total clearance of one 
hole and pin is both added and sub- 
tracted. For example, when the centers 
in Fig. 7 are considered congruent 


» + 0.042 
X = 0313 7 937 


then from Figs. 7 (A) and (B) 
C = 0.002 + 0.003 
or 


In tension, X = 0.313 + 0.042 
+ (0.002 + 0.003) = 0.360 
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{n compression, X = 0.313 - 
0.037 — (0.002 + 0.003) = 0.271 

A check will show that these values 
correspond to the two extreme values 
of all the answers given in the Figs. 
7 (A) and (B) tabulations. 

To further amplify this discussion, 
the resultants of Figs. 5 and 6, in 
which the holes are not equal in size, 
have been obtained in Fig. 8 using 
the combine. method that includes 
the use of the values of clearances. 
Fig. 8 also gives the method of obtain- 
ing the resultant in designs where the 
members are reciprocating and the ex- 
treme dimensions are required. 


To conclude the discussion of single 
pin connected joints consider a joint, 
Fig. 9, that has a fixed pin connecting 
two members loaded in the same direc- 
tion. In such problems, the pin can 
usually be neglected if it is uniform in 
diameter, because it only serves to 
align the sides of the holes. 

It is convenient to solve the problem 
given in Fig, 9, by first considering 
the hole centerlines congruent and 
then shifting the members until the 
proper sides of the holes are in line or 
against the pin as shown in Fig. 10 
In this type of joint, usually the X 
dimension can be held closer when 


] 











(A) PIN CENTRAL IN HOLES 


oe oe ee 
20001 0.005 3.062 — 0.005 
2.1251 0.016 0.75020.016 
“~“ZTSES hol) — ane 
4.1252 See 3ei2t$-eoe 
-(s.ei2t§ 0.02! 
x= 0.3135 OO92 


Bottom member 


0.504+0.004 D. hole 
-+(0.500- 0.008) D. pin 


0.0044 0.005 Tota! 


Top member 
0.502+ 0.002 D. hole 
+0.500- 0.001) D. pin 


0.002+ 0.003 Total 
clearance 


* Average total clearance (0.003 + 0.004) 
* Totoi cleoronce 0.007 
(B) MEMBERS DISPLACED FROM CENTERED POSITION AS A 
RESULT OF ACTION 
OF 
Tension forces Compression forces 








Maximum overage 


Alternating tension 
ond compression forces 


0.313 £3948 
*0.007 


> 
0. 313 78-848 


0.313 + +2. $F 
+0. ‘nsiit “on 
9.3102 9:93% 


+0.042 
0.3376 637 


+(0.003+0.004) 


70.046 
0.316- 9637 








* arithmetical mean 


Fig. 8—Unequal holes. (A) Pin central. (B) Members 
displaced as a result of reciprocating forces. 
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provided it is small enough to fit 
into holes. It only serves to align 
the sides of the holes. 





(A) LOADED TOWARD RIGHT, HOLES UNEQUAL IN SIZE 
deplete 


2.00040.005 
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= +0.018 
(4.064 * 2-018 


a +0.043 
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FO018 
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--0.251+0.00! 
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Pin does not enter into 
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(B) LOADED TOWARD LEFT, HOLES UNEQUAL IN SIZE 


L 
_———— 


2.0001 0.005 
0.252+ 0.002 
2.1257 0016 


+0023 
4.377. g02: 
+ O0IT) 
0021/ 


0.3142 SOs 


-(4.063* 


3.062 - 0.005 
025! $0.00) 
0750° 0.016 


17 
463° $e8 


Fig. 9—Fixed pin connecting two members loaded in 
the same direction. Holes are unequal in size. 











the pin connected bars are loaded in 
the same direction than when they are 
loaded in upposite directions. The 
reason is that the bars shifting in the 
same direction make the relative loca- 
tion of the bars dependent only on the 
radial differences in size of the holes 
This radial difference in most designs 
is rather small, and does not exist 
when the holes are equal in size. 
When two or more pins or bolts are 
used to connect members, the solution 
of the problem is slightly more diffi- 
cult. In designs where counterbores 
exist, the problem is still further com- 
plicated; since not only must the 
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shanks of the bolts be considered but 
also the heads and possibly the lock 
washers under the heads. The solu- 
tion, although more laborious is ob- 
tained through an amplification of 
simple problems and the application of 
the general principles of vectors 


Multiple Pin Joint Problems 
and Their Solution 


The three pin joint shown in Fig. 11 
is dimensioned in two different ways 
The first method, Fig. 11 (A), re- 
quires only one-half of the hole and 
pin allowance necessary under the 
second method, Fig. 11 (B). The 


method used in Fig. 11 (A) is pre- 
ferred but other factors governing 
locations may require that the cen- 
ter pin control, in which event the 
allowances should be taken care of or 
provisions made to locate holes at 
assembly or to use select fit methods 

{n the two pin joint shown in Fig 
12, the pins are fixed or threaded into 
one member. In an investigation to 
determine if the members will go 
together without interferences, the al- 
lowances and tolerances that make up 
the clearances of the individual holes 
and pins should logically be considered 
first, Fig. 12 (A). Then, the center 
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(A) PIN CENTRAL IN HOLES 
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—_— +e 
2.000£0.005 3.062-0.005 
2.125240.016 0.750 0.016 
4.125 ¢ D021 3ei2toole 

. 0.02! 

{s.e12 +2810 


. 70042 
x0. 313 9988 


Pin does wot enter into coiculations, provided it is small 
enough to fit into holes, It only serves to align the sides of 
the holes 


0.5040 + 0.004 
~- 0.502D - 0.002 
+ 0.004 Difference of 
0.002 ~ 6.002 diometers of holes 
0.001 * $80 Sinnence 


(8) MEMBERS DISPLACED FROM CENTERED POSITION AS 
A RESULT OF ACTION 


OF 


Loads toword left Loods toword right 


520.235 0.313 *0042 


-O037 
+ (0.001 * $902 -(0.001 £333? 


0.314 * 3833 


NOTE: if holes in members were equol in diometer ond 
loods were in the same direction, x" would be the same if 
the loods were from the left os it would be if the loads 
were from the right, and “x” would be equol to the 
voive shown for the condition of the pin centrolly lo 
coted in the holes. 


Fig. 10—Alternate method for fixed pin connecting two 
members loaded in same direction having unequal holes. 
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The nominal diameter of 1, must include on ocllowonce 
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The nominal diameter of Hp must include on allowance of 
0.020 over and above the nominal diameter of Pp. 

The allowance for this method of dimensioning is double 
thot required when dimensioned according to method (A) 

The reason for this becomes opporent when one notices 
thot the toreronces of B, and Bg must be included in the 
center distonces of the two outside holes ond pins. 

The method of dimensioning shown in (B) should only be 
used when sufficient allowances ore permissible 


The fact that the tolerances do not occumulate in the dimen 
sioning method shown in (A) is the reason why it is recom- 
mended for all cpplications involving o nuinber of holes in 
@ relatively stroight row. 


Fig. 11—Three pin joint. Comparison of methods of 
dimensioning to show the effect on allowances required. 


distances must be checked for align- 
ment of pins with their respective 
holes under conditions as set forth by 
the other drawing dimensions, Fig 
12 (B). From the standpoint of in- 
terchangeability, it is not permissible 
to have interferences under these con- 
ditions; therefore, the factors leading 
to prevention of interferences should 
be clearly understood. 

In Fig. 12, it is shown that inter- 
ferences will be prevented whether or 
not bilateral tolerances are used, if the 
total of the allowances of the two 
holes and pins is at least equal to the 
total of the tolerances disregarding 
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signs of the equal center distances. It 
is further shown in this problem, that 
the hole and pin tolerances are used 
mainly for the prevention of high ma- 
chining cost, and as an aid in assembly, 
but the possibility of increased shift of 
the members can at times be detri- 
mental 

Another feature included in the 
problem of Fig. 12 is the determina- 
tion of the controlling pin and hole 
combination. This information is 
necessary for the calculation of relative 
member locations. Since it was found 
that the problem was set-up in such a 
manner that both pins just touched the 


sides of the holes under the two ex- 
treme conditions, the relative location 
is obtained from just one of the two 
combinations of holes and pins. As a 
result of the method of dimensioning, 
the right pin and hole will permit the 
least amount of shift, and will there- 
fore control by constraining the link- 
age before any additional shift can be 
contributed by other means. 

The knowledge gained from the one 
and two pin joint problems is applic- 
able to the three or greater number of 
pin joint problems. The possibility of 
excessive accumulations, however, with 
its subsequent requirement of greater 
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MEMBERS CONNECTED WITH TWO PINS 
Dimension to extreme outer Dimension to extreme outer 
edges of holes edges of pins 
5.0001 0.005 5.000 — 
+(0.260+0.005) +(0.250- 
5.260" 9 S08 5.250 *$ 333 
~(5250* $009 


D. O17 


, This meons thot the holes ond pins 
0.010 Sd10 


will just come metal to metol ot the 
outer edges under the worst conditions 
Dimension to inner edges 
of pins 
5.000 t 0.005 
~(0.250 — 0.002) 
.00T 
4750 © 3888 
~(4.740 - $898 


0.0107 S8i5 





Dimension to inner edges 
of holes 
5.000 0.005 
~(0.26 0 + 0.005) 
yore Bo 
4.740 * $893 
This means thot the holes and pins 
will just come meto! to metal ot the 
inner edges under the worst Conditions 


When the pins ore touching on both of the inner or both of the 
‘outer edges of the holes, the location is the some os that existing 
when the centerlines ore congruent, 


Fig. 12-——Two pin joint with pins fixed in one member. 
(A) Determination of allowances and tolerances that 
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Since the maximum radial Cleoronce of this hole ond pin 
is 0.0085, "x" vories by 0.0085 
or 3.00040.0500 
+ 0.0085 Shift 
3,000 +0.0585 Toto! "x" after shift 


There where no interferences in this problem. One reason 
being thot the total of the allowonces of the two holes 
ond pins, 2 x 0.010 = 0.020, is not smotier thon the total 
of the tolerances of the (equol) center distonces disregord- 
ing signs, 4x 0.005=0.020. Unless this condition exists, 
interference will result especiolly when bilotera! toler- 
onces ore used. 


tt is important to notice that the shift resulting from 
hole clearances was obtained from one of two combina — 
tions of equal holes and pins. The extent of the shift wos 
exoctly equivolent to the totol clearance, or the allowance 
plus the tolerances, (0.010 399% )= 0.017, of this hole 
ond pin combination. 


make up clearance; of individual holes and pins. (B) 
Check for alignment as set by other drawing dimensions. 


minimum numerical value. At this 





of pins or bolts used in the joint. For 
this reason, the use of the generally 
preferred dimensioning arzangements 
and the acceptable clearance values are 
recommended. The use of vectors fa- 
cilitates the determination of the best 
means of dimensioning and the mini- 
mum allowances required. 

Since the general practice in other 
engineering work is to apply signs to 
vectors immediately after the directions 
have been determined, it would appear 
desirable ‘9 follow this practice in di- 
mensional studies. In this work, how- 
ever, the disadvantage of this general 
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stance, if the right direction was always 
assumed to be positive, then the con- 
dition of fit, whether interference or 
clearance, would be indicated by the 
sign of the basic resultant vector pro- 
vided consideration is given to the 
origin of vectors. 

This apparent advantage is offset 
by the diftculty of interpreting toler- 
ance signs, for in many instances the 
basic portion of the resultant would be 
a negative integer, which in turn 
means that the negative tolerance 
would yield the maximum numerical 
value and the positive tolerance the 


point, the signs could be changed, but 
if any part of this operation is incor- 
rectly handled or forgotten erroneous 
answers would result. 

On the other hand, if the vector 
method described in this article is 
used, and the simple rule for deter- 
mining the condition of fit is applied 
particularly in the questionable cases, 
very little difficulty should be en- 
countered. Regardless of the method 
of handling signs utilized, which may 
be a matter of personal preference, the 
vector dimension system is superior to 
other commonly used systems. 
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Sub-Miniature Instrument 
And Control Motors 


Selecting the correct electrical motor for your instrument or 
electrical servo is important from the standpoint of initial cost, 
maintenance cost, and performance. The author tells you how to 
go about it, and discusses the characteristics of the various types. 


JOSEPH K. RAES 


Chief Engineer, Holtzer-Cabot, 
Division of National Pneumatics Co., Inc. 


GENERALLY, ELECTRICAL MOTORS are 
used in the instrument field in one of 
three fundamental ways: To operate 
in conjunction with a mechanical sens- 
ing element to transcribe a small vari- 
able into a measurable quantity that 
can be indicated or recorded; to drive 
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timing devices at a synclironous speed ; 
to take the output from error detecting 
or sensing elements in a servomechan- 
ism and drive suitable error correcting 
and recording devices; or—as is often 
the case—to do a combination of all 
three. Therefore, the initial factor 
governing the selection of a suitable 
motor is the function that the motor 
must serve and the type of power 
supply, a-c or d-c, that is available. 


If the motor is to amplify the output 
from a sensing element, the mechanism 
is usually driven at constant speed 
and the variation applied to the re- 
corder periodically. The pre 
chart thus must be accurately marke 
in time units and be driven synchron- 
ously, which can be done with a syn- 
chronous clock-type motor. In many 
cases, however, synchronous power 
must also be provided for the ampli- 
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Fig. i—Rotor construction and speed-torque performance curves for salient pole type 
(A) and hysterisis type (B) synchronous motors. The latter is used when synchroniza- 


tion of a load with high inertia is required. 
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Fig. 2—Stator lamination and comparative performance curves for permanent split- 
capacitor induction motor (A) and shaded pole induction motor (B). The efficiency of 
the former approache: the efficiency of a two phase motor. 


fication of the sensing power and to 
drive the control, sc > more powerful 
motor is required. 

If, on the other hand, the motor is 
to be used in an electrical servo system, 
either a synchronous or induction type 
may be employe. Precise control of 
speed and direction of rotation can be 
obtained from either of these types 
when wound for two-phase power with 
one phase excited from the line and 
the other phase from an electronic 
amplifier that amplifies the signal from 
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a sensing element, as discussed later 

Of course, d-c rather than a-c motors 
are necessarily used for some applica- 
tions, particularly on aircraft, but not 
to a large extent elsewhere, But dis- 
counting the d-c motor for the 
moment, the sub-fractional hp motors 
that fulfill requirements for the, major- 
ity of instrument and control applica- 
tions are as follows: 


SYNCHRONOUS Morors. Either salient 
pole or hysterisis type synchronous 


motors are available. The accuracy of 
the salient pole or reluctance type is 
close enough for most instrument ap- 
plications; if this motor is not in syn- 
chronism with the frequency of the 
power supply system, it will slip one 
pole at a time until it comes into syn- 
chronism. 

The torque-speed characteristics of a 
salient pole motor and the construction 
of the rotor for this type of machine 
are shown in Fig. 1(A). The stator 
construction for both the salient pole 
and hysterisis types are the same. At 
the synchronous breakdown point on 
the torque curve, the motor loses its 
synchronous speed and from that point 
on performs like an induction motor. 

The hysterisis type synchronous mo- 
tor is quite different in both construc- 
tion and performance. It also is an 
accurate timing motor but since it 
depends on its induced magnetic poles 
for synchronization and since under 
certain conditions of load the induced 
pole can gradually slip around the 
surface of the rotor, the driven instru- 
ment may gradually lose time and 
synchronization. The rotor consists of 
a solid alloy steel rimg—17 percent 
cobalt steel being quite common—and 
a spacer between the shaft and this 
ring that may be brass or some other 
non-magnetic material. When this mo- 
tor reaches the synchronous breakdown 
point on the torque speed curve, the 
speed drops to zero with practically no 
increase in torque. On the other hand, 
the salient pole synchronous type motor 
will produce additional torque between 
the synchronous breakdown point and 
the maximum torque point. 

The hysterisis motor is used when 
a load having considerable inertia must 
be synchronized, while the salient pole 
motor is used when positioning of 
the driven device with respect to the 
motor input voltage is important. In 
other respects, the two types are about 
equal. However, care must be exer 
cised when applying a hysterisis motor 
since its synchronous torque decreases 
with increased input voltage after a 
certain voltage is reached 


INDUCTION Morors. Conventional 
induction motors are used in instru- 
ments requiring power for such oper- 
ations as valve actuating, potentiometer 
positioning, or condenser tuning. The 
induction motor may be of the per- 
manent split capacitor, or shaded pole 
type. Split phase motors are not in 
general use in the miniature sizes be- 
cause the space available does not per- 
mit the use of a centrifugal switch, and 
also because the performance of the 
two types listed is superior to that 
which could be secured from a split 
phase miniature motor. The shaded 
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pole motor has the advantage of low 
cost, the disadvantages of low efficiency 
and lack of versatility; also, it cannot 
be reversed although certain manufac- 
turers are producing motors with 
shading coils to permit reversing. 

Typical stator laminations are shown 
in Fig. 2 for these two induction mo- 
tors. The rotor construction for each 
is the same. The permanent split 
capacitor stator lamination is for a 4- 
pole motor. After the laminations are 
riveted together to form the stator 
core, four working winding coils are 
inserted into the slots. The four start- 
ing winding coils are also inserted into 
these slots and are permanently con- 
nected to a capacitor. 

Similarly, the shaded pole stator 
laminations are riveted together to 
form a stator core. Copper strips 4.¢ 
passed through the narrow rectangular 
slots around the coil slots and the ends 
are joined. These strips are necessary 
te secure adequate starting torque. 
The winding coils are inserted into 
their slots and retained by steel wedges 
that fit into the dovetail form of the 
laminations. 

The permanent split capacitor in- 
duction motor is in general use where 
it is desired to control the direction of 
rotation or the speed at a device or to 
secure dynamic braking. It is the most 
efficient type of single phase motor 
since its performance approximates 
that of a two phase motor, as indicated 
by the comparative performances of 
shaded pole and permanent split ca- 
pacitor motors. It is difficult to insert 
values on these illustrations because 
design features can vary the values. 
Usually, for similar designs, the shaded 
pole motor will operate at about 10 
percent lower speed and closer to the 
maximum torque point than the per- 
manent split capacitor type 


Low INERTIA Morors are special in- 
duction motors constructed to permit 
the use of a small rotor diameter. 
These motors are used where extremely 
rapid reversing or braking is essential. 
Probably the most universal applica- 
tion for such a motor is in driving a 
pen on a recording chart where precise 
and rapid positioning of the pen is 
required. Frequently, this motor is 
part of a servo system wherein the mo- 
tor drives some device such as a po- 
tentiometer which controls the desired 
quantity, and by movement of that de- 
vice returns the system to the desired 
value. The construction of the low 
inertia motor makes this type inher- 
ently more expensive than the con- 
ventional induction motor. For this 
reason, it should be used only when the 
inertia of the conventional motor 
makes it unsuitable. 
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Gear-HEAD Morors. The high speed 
of the rotor shaft is rarely employed 
directly in instruments, and most sub- 
fractional motors are available with 
built-in gear reduction trains, irrespec- 
tive of the type. This relieves the 
instrument manufacturer of the ne- 
cessity of providing external gearing 
together with the attendant lubrica- 
tion problems. Also, the use of built-in 
gear reductions often results in a sav- 
ing of space in the instrument, but the 
methods of gearing, reduction ratios, 
and ratings of gear-head motors again 
depend on the manufacturer. Reduc 
tion ratios and torque ratings of a 
typical line of induction and synchron- 
ous units, Table I, are for motors of 
up to 1/500 hp capacity. 


Selection of Motor 


The application of instrument mo- 
tors to the driven device differs from 
the application of power motors. In 
the case of power motors, the motor 
manufacturer provides a nameplate 
giving the voltage, current, speed and 
horsepower rating, and with a little 
caution, the engineer applying the 
motor to his equipment can obtain a 
successful drive. Far more caution 
is required when selecting a miniature 
motor, especially since there are no 
NEMA standard types or size ratings. 

It is good practice when designing 
a new instrument, to secure a sample 
motor for test purposes. This samplé 
motor might well be a standard stock 
item, and readily procurable. This 
motor would then be assembled to 
the driven device and tested. It is 


not enough to determine whether the 
motor develops enough torque; there 
must be a margin of safety sufficient 
to allow for the following: 

1. Variations in motors 

2. Variations in the driven equip- 
ment 

3. Variations in supply voltage 

4, Variations in capacitor value (if 
used) 

5. Variations in 
ture 

The standard motor is not designed 
for a specific purpose, and it is more 
than likely that a modified standard 
motor would be better suited for the 
application. The modifications may 
increase the cost of the motor but 
frequently result in a greater factor 
of safety in performance 

When the torque requirements have 
been determined by test of the sample 
motor, the appropriate factor of safety 
should be = and a specification 
repared. he factor of safety is 
argely a matter of judgment. Since 
the torque developed by the motor var- 
ies inversely as the square of the 
voltage, and since the line voltage may 
be expected to vary by 10 percent. a 
21 percent factor of safety must be 
applied from the standpoint of supply 
voltage alone. Since the torque re- 
quired to operate production instru- 
ments may be as much as 20 percent 
greater than the sample tested, this 
factor must be multiplied by the factor 
for voltage variation. 

If a maximum ambient temperature 
of 50 C is to be encountered, the motor 
torque may be expected to drop about 


10 percent from its value at normal 


ambient tempera- 


Table I—Motor Ratings at 115 Volts A-C of a Typical Gear-head 
Motor Line* 
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Syn. Speed 


Gear Ratio Syn. Speed 


Synchronous | Induction 





1800 
300 


mwusunesussssss 











SoooooOMMn- 
—Y-¥—-F 1-1-1 1-4-1 1-1-0 -1-Ti 


» 


ARASSSSSLES wm Vn 


—Mwumuawsesnsess 
BBSEBESE= 002-90 
c—J 











} Ratings are for motors of up to 1/500 hp capacity. 























Fig. 3—Control circuit for regulating the direction of rotation and speed of a two phase 
motor by means of the differential in light intensity falling on two phototubes. 


temperatures. Another 10 percent 
variation in performance may be norm- 
ally expected from variations in 
capacitor value. The product of these 
four factors, then, or 76 percent is 
the amount by which the torque re- 
quired to operate the sample instru- 
ment should be increased. Frequently, 
the root-mean-square of these percent- 
ages is used. The value thus arrived 
at is to be incorporated in the motor 
specification as “minimum starting 
torque” or “minimum breakdown 
torque.” In the case of synchronous 
motors, the required synchronons pull- 
in torque should also be determined 
and specified. The motor manufac- 
turer must guarantee that he will per- 
mit no motors to pass his test that do 
not at least equal the minimum limits. 

The temperature rise of the motor 
when mounted in its operating posi- 
tion and when operating under its 
most rigorous duty cycle must be 
measured. Probably the most satis- 


factory method of securing the temper- 
ature rise is by resistance increase. A 
temperature rise limit must be estab- 
lished with due regard for duty cycle. 
A duty cycle expressed only as a per- 
centage means nothing to the motor 
manufacturer. The “on” time and 
“off” time must be specified. The min- 
iature motor usually attains 75 percent 
of its ultimate temperature rise after 
about twenty minutes of operation, but 
in many instrument applications, the 
motor operates only a fraction of that 
time; in such cases, the motor can be 
provided with a special winding and 

or a special rotor, although this usually 
means that the motor is capable of 
intermittent operation only. 

The lubricant in the motor bearings 
and in the gear train Operates at a 
temperature that approximately equals 
the temperature of the motor windings. 
This is. especially true of miniature 
motors of the type used in instruments ; 
the temperature gradient between the 
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Fig. 4—Synchronous motor driven telemetering system in which the position of a cam 
at the receiving station is synchronized with that of a cam at the sending station. 
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winding and the outside of the frame 
rarely exceeds 5 C. 

This fact restricts the maximum 
operating temperature and hence the 
winding strength for a given motor 
frame size. It a!so restricts the maxi- 
mum ambient temperature in which a 
given motor design may be used. For 
satisfactory lubricant life, the operat- 
ing temperature of the motor should 
not exceed 90 C; and even then, lubri- 
cant should be added every two or 
three months. Certain lubricants are 
available (at higher yew that will 
successfully withstand higher temper- 
atures, but when the motor tempera- 
ture materially exceeds 90 C, the wind- 
ing insulation deteriorates rapidly. 

The temperature rise limit may be 
established by subtracting the maxi- 
mum ambient temperature in which 
the motor is to be operated from 90 
C. In this instance, a considerable 
portion of the responsibility lies with 
the instrument manufacturer, since he 
provides the mounting and therefore 
the effective radiating surface for the 
motor. 

Where vacuum tube control is to 
be used, impedance limits for the 
control winding should be specified. 
Most servo systems require the use 
of vacuum tube control for motors: 
This imposes the requirement that the 
winding impedance be high and that 
the motor be capable of developing 
adequate torque when supplied with 
the low currents that tubes can provide. 
Motors of this type usually employ a 
two phase winding, one winding hav- 
ing normal impedance and supplied 
directly from the power line. The 
second winding or ‘‘control-phase”’ is 
wound for such power as is available 
from the control means. In some cases, 
a center tap is brought from the con- 
trol phase to permit push-pull oper- 
ation of the vacuum tube control. 

For example, the photoelectric con- 
trol circuit in Fig. 3 is used to regu- 
late the speed and direction of rota- 
tion of a sub-miniature two phase 
motor. Two thyratrons are anol tn a 
bridge balance circuit, which is com- 
pletely controlled by a-c power. With 
this circuit, the —_ and direction 
of the rotation depends on which 
phototube receives the most light. If 
each receives equal illumination, the 
motor stops. Initial halance between 
the circuit components is accomplished 
by the potentiometer in the grid re- 
turn circuit. The 0.5 uf capacitor be- 
tween the load transformer center tap 
and the cathodes is used to prevent the 
firing of the thyratrons. The 0.6 pf 
capacitor in the second phase circuit 
is also adjustable to provide an initial 
90 deg shift between windings of the 
motor. 
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Other Control Circuits 


Other circuits illustrating the appli- 
cation and control of synchronous, in- 
duction, and d-c sub-miniature motors 
are shown in Figs. 4 to 6 inclusive. 
The diagram in Fig. 4 illustrates a 
typical synchronous motor telemetering 
system, this system being based on the 
synchronization of two similar cams, 
one at the transmitting and one at the 
receiving station. The design is based 
on the positioning of the receiving in- 
strument pointer by means of oo 
sent over the transmission lines. These 
impulses are timed in such a way as 
to produce intervals that are a func- 
tion of the value being measured. 

The transmitting element consists of 
a pivoted contact bar riding on the 
rotating cam, which is driven by the 
synchronous motor. <A second contact 
bar is positioned by the primary meas- 
uring clement. The length of time 
that the two contact bars maintain a 
closed circuit is dependent on the 
position of the measuring element. A 
similar rotating cam and set of con- 
tact bars are at the receiving station, 
the upper bar being positioned by the 

inter on the receiving instrument. 
This receiving pointer is driven in 
either direction by an induction motor 
with two shading field coils. If the 
circuit of one shading coil is closed, 
the motor rotates in one direction; if 
the other coil is closed, it rotates in the 
opposite direction. With both coil 
circuits closed, no rotation takes place. 

The mercury switch in the circuit is 
operated by the synchronous motor 
and is arranged to break the motor 
circuit before the contact points drop. 
This prevents arcing and insures good 
electrical contact at all times. 

The two cams must be in exact 
relation to each other if the system is 
to work properly. This means that 
there must be a method of phasing the 
two synchronous motors when starting 
u This is done by means of the 
a contacts P, and P;, which so 
control the circuit of the receiving 
synchronous motor as to require it to 
rotate in phase with the transmitting 
motor at all times. This phasing cir- 
cuit requires the use of an extra trans- 
mitting line. 

The circuit in Fig. 5 represents a 
system whose motor speed is propor- 
tional to the deviation of the circuit 
froia the control point. This feature 
is desirable since it reduces the tend- 
ency of the system to overshoot 

The potentiometer P applies an ad- 
justable voltage to the vacuum tube 
grids. This — the case, it is neces- 
sary for the bridge-circuit current to 
exceed a certain value to energize the 
electronic tubes. This bias is opposed 
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Fig. 5—Induction motor whose speed is proportional to the deviations of a bridge cir- 


cuit from the control point. 


by a current obtained from the rota 
tion of a split-field induction motor 
that develops a current with approxi- 
mately the characteristics of a d-c recti- 
fied sine wave. This current is passed 
through a resistance, R, and gradually 
charges a capacitor. As the charge is 
built up in the ——- the positive 
charge on the grid is depressed until 
it falls below the critical en and the 
current flow to the motor stops. When 
this happens, the charge in the capaci- 
tor leaks off and the motor again 
operates. 

The effect of this circuit arrange 
ment is that the motor runs only when 
the current flow from the bridge cir- 
cuit is increasing at a more rapid rate 
than the charge building up in the 
capacitor. As a result, the motor runs 
continuously while the flow is increas- 
ing or decreasing rapidly. However, 
when the flow is ch oe the capacitor 
charge builds up and intemittently 
stops the flow of current to the motor. 


Rate of change in the current flow governs speed. 


Finally, Fig. 6 shows a simplified 
hook-up of a d-c servo-system, the 
motor for which is controlled from the 
plate circuits of a subminiature vacuum 
tube amplifier. 

This motor has two independent 
high impedance field windings for re- 
versible rotation. The armature is 
operated from a separate 28 volt d-c 
power source through series external 
resistance of 28.5 ohms. The mag- 
netic circuit of the field is designed to 
saturate at a field current of 6 milli- 
amperes to prevent the motor from 
slowing down with an increase of field 
current beyond 6 milliamperes. 

In one operating scheme, the two 
field windings are connected into the 
two plate circuits of a push-pull 
onsite When the two plate cur- 
rents are in balance, the motor is at 
rest. When the plate currents are 
unbalanced, the motor runs in 4 
direction and at a speed depending 
upon the degree of unbalance. 
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Fig. 6—D-c servo system for Prairs utilizing a lightweight precision d-c motor with 
two independent high impedance field windings for reversible rotation. 
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New Fluorine Plastics 


Broaden Limits of . . . 
_.. Heat and Chemical Resistance 


Based on fluorinated hydrocarbons, these new polymers have the useful com- 
bination of excellent electrical properties, high heat resistance and dimen- 
sional stability in the presence of moisture and many chemicals. Since they 
are thermoplastic, these materials can be molded by injection and other rapid 
methods. Surface hardness and other properties can be varied by heat treatments. 


LOUIS C. RUBIN 
Chemical Manufacturing Division, 
The M. W. Kellogg Company 


DEVELOPMENT OF POLYMERIZED 
FLUOROCARBONS, or the so-called 
“fluorine plastics,” introduced a group 
of materials which have the physical 
properties desirable in a plastic, and 
still retain the unusually high chemical 
resistance of fluorine compounds. One 
such plastic, polytetrafluoroethylene or 
“Teflon,” was described in an article 
in Propuct ENGINEERING (p. 154, 
November 1947). Another material 
of this family has been made available 


p ; Lineer, Inc. and U. 8. Gasket Co, 
Fig. 1—Resistant to deformation when exposed to’ temperature 
extremes and chemicals, these products include molded O-ring, 
U and V packings, two envelope-type gaskets and valve seat. 
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more recently; this is a high polymer 
of trifluorochloroethylene, known com- 
mercially as “Kel-F.” 

As currently produced, Kel-F plastic 
is an exceptionally stable, high tem- 
perature, non-inflammable thermo- 
plastic that can be molded by estab- 
lished techniques, In its natural state 
it is colorless, but it can be blended 
with solid fillers and coloring agents 


CHEMICAL RESISTANCE. Kel-F is ex 
tremely inert chemically. No effect has 
been observed after prolonged ex- 
posure to concentrated sulfuric, hydro- 


fluoric and hydrochloric acids, or to 
strong caustic, to fuming nitric acid, 
aqua fagia and other vigorous oxidiz- 
ing materials. Highly halogenated 
organic solvents and, to a lesser ex- 
tent, aromatic solvents tend to swell 
the fully “quenched” (see later section 
on heat treating) polymer at elevated 
temperatures. However, the swelling 
is not solution or chemical reaction, 
but is a plasticizing action which gives 
a softer, more fiexible material. 


PHYSICAL PROPERTIES. The general 
and mechanical properties of Kel-F are 
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Fig. 2—Intermittent loading to deform (compression) of fluorine 
polymer shows substantially complete recovery—good “elastic 
memory”—on removal of the load. 
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shown in Table I. The zero water ab- 
sorption and the extremely low water 
vapor transmission for thin sheets are 
unique properties for plastic materials. 
This material also has exceptional re- 
sistance to “wetting” (surface absorp- 
tion) by water. It is thus a usefui ma- 
terial in high humidity or tropical at- 
mospheres. These properties are inde- 
pendent of any processing or heat 
treatments. 

Tensile strength in unoriented sec- in. /in./C 
tions of this material is about 5,700 in./in./C 
psi; in oriented fibers this increases to cal/em*/sec/C/cm 
about 30,000 psi. In addition to the K 
properties shown in Table I, Kel-F has cal/e 
good resistance to thermal shock. It ’ percent 
can be made flexible or hard, and is i D 
tough over a range from the temper- 002 i 6/100 sq in./24 hr 
ature of liquid nitrogen (—320 F) to v 
about 390 F. It is resilient, and does 
not show cold flow when used as a 
gasket material (Fig. 1). The expres 
sion “cold-flow” as applied to plastics 
means permanent fr « verted of the i D676-47T 
plastic when subjected to pressure. In 
this respect Kel-F deforms slightly un- 
der lon, but it has a out “elastic : fr-tb/in. of notch : D256-47T 
memory.” As shown in Fig. 2, when f psi, 77 F De6s8-46T 
loaded sufficiently to deform, the re- ' 
covery is substantially complete on re- . pai, 77 F 638-46 
moval of the load. " psi, 77 F D790-45T 

When produced in relatively thin : . pai, 77 F De9s-4T 
sections, the polymer can be fairly ; ‘ 
transparent. Fight transmission of 4 77 4 vem od 
such sections indicates possible uses as ' psi, 77 F 162, 500 








an unbreakable corrosion resistant win- ; tives call psi, 77 F 191 ,000 DEPS-4T 


dow material. For such applications 
the polymer can serve as i oie gas- 59° 9946 @ heat-treated | loss /g/1,000 cycles 0.0048 Fed. mse eh 
ket. Fig. 3 shows transmission of in- 57.3753 g quenched loss /g/1,000 cycles 0.0175 406-2, 3 
frared light from 2 to 16 micron wave- , mr 
lengths. Up to about 4 microns trans- * General Foods moisture vapor transmission test at 100 F and 95 percent 
mission is wetter than 80 percent; in relative humidity. 

the higher frequencies, transmission ** Tensile strength in oriented film as high as 30,000 psi. 

drops to below 10 percent. This indi- : 

cates a possible use for thin sections 




















ELectrRicAL Propertigs. Table Il 
shows typical electrical properties of 
Kel-F. Its excellent dielectric strength, 
arc resistance and general electrical re- 
sistance, combined with high tempera- 
ture and good mechanical properties, 
make this a promising material for the 
electrical industey The dielectric con- 
stant and power factor, while not the 
“best” in the high frequency range, are 
sufficiently good to ail a definite need 
in the high frequency and general 
cable field. The Siclectric constant is 
in the range of the best available ma- 
terials, as shown in Fig. 4. Fig. 5 
6 7 8 ee 2 3s 6M shows how the dissipation factor varies 
Wave Length, microns with frequency and temperature. 


Heat Resistance. ASTM heat dis 
Fig. 3—Transparency of thin sheets to longer wave lengths of infrared spectrum is ‘tortion temperatures are not particu- 
sufficient for use as a shock-resistant infrared window material on special instruments, arly indicative of suitable operating 
where corrosion, temperature extremes and electrical forces might also be involved. temperatures for fluorine plastics. 
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Fig. 4—Dielectric constant is in the range of the best available 
electrical insulating materials used at these temperatures and 
frequencies. These properties have extended use of the material 
into the manufacture of electrical and electronic devices. 


Fig. 5—Variation of dissipation factor with temperature and 
frequency indicate its applicability at high temperatures and 
high frequencies. In temperature test, material was held for 2 hr 
at 200 C, and dissipation measured as temperature was reduced. 





Kel-F molded sections have proven 
satisfactory at temperatures up to 
390 F, in continuous service. 

In thermoplastic materials, molec- 
ular weight is directly related to de- 
gree of polymerization, which in turn 
is a measure of rigidity and heat re- 
sistance. If, through sustained exposure 
to high temperatures, a plastic material 
deteriorates and loses its load-carrying 
ability, this shows up as a severe drop 
in molecular weight. However, be- 
cause of its chemical inertness, it is 
impossible to measure the molecular 
weight of Kel-F 

An arbitrary method of indicating 
the same quality—the degradation of 
materials after continuous exposure to 
high temperature—consists of deter- 
mining ‘“No Strength Temperature,” 
by measuring the temperature at which 
a notched test strip breaks under a 
slight tensile load. Fhe test strip is a 
compression molded notched piece 2 x 
4 X yy in., with the plastic below the 
notch weighing 0.5 gram (including 
an added weight). Temperatures are 
brought rapidly to 430 F and then 
raised still further at the rate of about 
3 F per min until the test strip parts at 
the notch. The temperature at which 
this happens is the “No Strength Tem- 
perature” (NST). Differences of 10F 
are considcred significant. 

Plastics with NST values lower than 
430 F, while satisfactory for low and 
moderately high temperature uses, tend 
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to crystallize and become brittle above 
300 F. The higher the molecular 
weight, and consequently the higher 
the NST, the.more difficult it is to get 
brittleness resulting from exposure to 
high temperature. In general, mate- 
rials with NST of 500 F and higher 
are safe for high temperature engineer- 
ing uses. The two main commercial 
formulations of Kel-F have NST values 
of 270 C (518 F) and 300 C (572 
F) ; based on these, “grade numbers” 


of 270 and 300 have been assigned to 
the two types of compounds. 


HEAT TREATING. Physical properties 
of the molded plastic can be varied by 
specific thermal treatments. 

Products molded from Kel-F can be 
varied from an amorphous material 
which is relatively transparent, soft 
tough, and flexible, to a crystalline 
material which is milky in appearance, 
hard, and resistant to distortion. De- 


Fig. 6—Products extruded from Kel-F include (left to right): Coated 0.30 in. wall 


hook up wire, } in. rod, and } in. rod. 
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gree of crystallization is determined 
primarily by the rapidity with which 
the molded part is cooled (quenched) 
through a temperature range of about 
400-300 F from its molding tempera- 
ture. 

A rapidly quenched piece gives a 
transparent, flexible section of moder- 
ate surface hardness. If this same sec- 
tion is slow cooled from above the 
transition temperature (213 C or 415 
F) it becomes translucent, much less 
flexible and appreciably harder. Inter- 
mediate properties result if the molded 
item is held just below the transition 
temperature for a time. Typical data 
for heat treating, Table III, show an 
increase in surface hardness of 8 to 9 
(after quenching) on the Shore scale. 

The lower the NST or molecular 
weight of the polymer being heat 
treated, the more rapid the crystalliza- 
tion and the lower the temperature re- 
quired during heat treatment. “or ex- 
ample, quenched low-molecular-weight 
film with an NST of 435 F, although 
flexible and useful as film at ordinary 
temperatures, will crystallize fairly 
rapidly at a temperature of 350 F and 
become brittle. Quenched film with an 
NST of 525 F will show comparatively 
little change on heating to the same 
temperature for prolonged periods. 
Even if crystallized by heating at 
higher temperatures, it still retains its 
toughness. 

Because of the insulating properties 
of the polymer, complete beeen is 
possible only with relatively thin cross 
sections. The quenching of internal 
parts of thicker sections that are cooled 
rapidly varies with distance from the 
surface. Quenched yy in. sheet is al- 
most perfectly transparent, but $ in. 
sheet has a slight blue haze, caused by 


Fig. 7—Typical injection molded part shows that Kel-F flows 
readily to form a well-knit section of uniform properties. 
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Table Il—Electrical Properties 


Test 


~ ASTM 
Test Method 


Unit | Results 





Dielectric strength 


Volume resistivity 
R. H. and 25c 


Arc resistance 


50 percent 


step by step, 1/8 in., v/mil 

| step by step, 0.030 in., 

step by step, 0.005 in., 
ohm-cm 


- D149-44 
Di49-44 


390 
v/mil 1,200 
v/mil 5,000 

1.2x 10" D257-46 


sec >360 D495-42 


Table I1l—Effect of Heat Treating 


Shore Hardness (Diamond Hammer 


Material* 
Grade No Initial 


Quenched 


270 64 
300 64 


> 


| Heat Treatment 
48 hr 
385 F 


| — he 
j 24 hr 
3a5 F 


72 7 


5 - 
72 70 


* Samples 2 x 4 x 1/16 in. compression molded. 


Table IV—Effect of Plasticizer on Hardness 
(Grade 300 quenched 


Percent 
Plasticizer 


Shore 


0 68 
8.3 63 
22.8 34 
24.5 30 


Hardness Test Method 


Durometer A 


Durometer D 
7 

95 65 

% 55 

96 51 





light scattering of crystallites. This be- 
comes more apparent in thicker sec- 
tions. 

In addition to increasing hardness, 
heat treating can have a beneficial ef- 
fect on dimensional stability. Anneal- 
ing for 24 hr at 255 F is adequate to 
assure retention of dimensions. 

The effect of organic solvents on 
Kel-F can also be varied by heat treat- 
ment. For example, although fully 


quenched material can be swollen or 


“plasticized” by halogenated organic 
liquids, heat treated or crystallized 
material is very much less affected. 


PLASTICIZING. Since Kel-F can be 
swelled by highly halogenated organic 
materials, the usual plasticizer com- 
pounds incorporated in other thermo- 
plastics are not suitable. However, low 
molecular weight polymers of trifluo- 
rochlorcethylene in the form of oils or 
waxes (available as other grades of 


Visking Corporation 


Fig. 8—Film of 0.005 in. wall thickness is extruded as *} in. flat 
tubing. Film of this type has a tensile strength of 6,500 psi. 
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Kel-F) have some lubricating proper- 
ties and exhibit the same chemical in- 
ertness as Kel F. These materials can be 
mans ge in Kel-F molding com- 
pounds as plasticizers. Table IV 
presents data on hardness versus per- 
cent of plasticizer used, by several 
methods of measurement. The hard- 
ness range shown, a decrease over that 
obtainable by heat treatment (rapid 
quenching) of unplasticized material, 
is advantageous for many uses. 


Molding and Fabrication 


Both grades of Kel-F are currently 
a , in the form of low density 
molding powder and high density 4 in. 
granules. The two forms differ 
rimarily in bulk density, the former 
Peing about 19 lb per cu ft and the 
latter about 60 Ib per cu ft. Kel-F can 
be molded by compression, injection, 
transfer and extrusion procedures. 
Molding temperatures are appreciably 
higher than for most other thermo- 
plastic materials, being in the range of 
500 to 600.F, depending on the par- 
ticular operation. For this reason, care 
must be taken to avoid contamination 
with other thermoplastics, which will 
decompose at these high a 
and appear as dark areas in the piece. 
Uniform heating is essential for suc- 
cessful molding of Kel-F; electrical 


heating and adequate thermocouple 
temperature measurement are therefore 
indicated. In compression molding, 
1,000 psi pressure is used; grade 300 
can be pressed between 480 and 590 F, 
grade 270 between 465 and 535 F. 
Pressing time varies with thickness of 
the piece: 


Pressing Time, min 


Grade 
300 


Thickness, in. 





Grade 
270 





0 =| 7 
Ge St 20 
40 28 
eee 40 
65 50 


These values were obtained by mold- 
ing 2} in. dia disks of both types at 
480 F. However, as the pressing tem- 

rature is raised, the time required 

ecreases. For example, grade 300 
material can be pressed at 570 F in 
half the time. 

These materials are especially well 
suited to production by transfer mold- 
ing, a variation of compression mold- 
ing. This method is applicable for 
parts of large section, or parts contain- 
ing delicate metallic inserts, such as 
electrical components. Molding tem- 
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peratures of 500 to 600 F are used in 
this ‘ 
Compression molded sheets can be 
quenched, slow cooled, pigmented, or 
laminated with stainless steel gauze, 
to produce a variety of transparent. or 
opaque effects. Thinner sections, up to 
} in. thick, can be formed between 
highly polished stainless steel or ferro- 
sheets without a mold, because of 
the relatively high melt viscosity of the 
material at molding temperatures. 

Both types can be injection molded 
for high volume production of rela- 
tively small, close tolerance parts. 
Molding pressures vary from 5,000 to 
20,000 psi. Molding temperatures 
3 from 480 to 560 F for grade 270, 
and from 540 to 620 F for the 300 
grade. 

The typical injection molded part in 
Fig. 7, shows that the material flows 
readily under pressure through gates 
and sprues to easily fill the mold and 
form a well-knit section. Injection 
molding cycles for Kel-F are appreci- 
ably shorter than for many other 
thermoplastic materials. When a di- 
rect comparison was made in the same 
machine and mold, a 60-sec cycle was 
required for ethyl cellulose, while with 
Kel-F a 39-sec cycle was satisfactory. 

Conventional extrusion machines can 
be used to extrude these plastics if they 
are capable of reaching the required 
temperatures. Die temperatures vary 
from 550 to 650 F. Such products as 
extruded rod and hook-up wire can be 
extruded at good production rates. Ex- 
truded thin mal tubing and film, 
shown in Fig. 8, can be produced in 
almost any desired diameter, and from 
2 to 10 mils in wall thickness. 

Kel-F sections can readily be heat- 
sealed with heat and some pressure. 


MACHINING. Kel-F can be easily ma- 
chined with ordinary machine tools, 
and does not tend to chip or crack. 
Sheets up to about 4 in. can be readily 
punched or sheared. 


Applications 


Properties of Kel-F suggest applica- 
tions in the electrical field, where re- 
sistance to higher temperatures and 
good electrical characteristics (Fig. 9) 
are a decided economic advantage. 
Other electrical uses could take ad- 
vantage of the non-wetting property 
and the extreme chemical inertness. 
The chemical inertness, dimensional 
stability over a wide temperature range, 
and good mechanical properties make 
Kel-F valuable material for the chem- 


Fig. 9—Transformer terminals are made resistant to thermal shock cycling, humidity, 
salt water immersion, and high operating temperatures by hermetical sealing with 
Kel-F. Several of these terminals operate at 15 amp and 2,000 volts, with a required 
insulation resistance of 1 million megohms; these characteristics must be maintained 
over a —100 to 200 C temperature range. 


ical industry, where it has already 
proven itself as an excellent material 
for gaskets and valve parts under 
highly corrosive conditions. 
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Saving Drafting Time With 
PHOTOGRAPHY 


An experimental department set up by the Ingersoll-Rand Company 
at their Phillipsburg plant points the way to a complete, workable, 
step-by-step procedure for getting better drafting results in less time, 
with less hand work, and without special, high-priced equipment. 


E. H. MARKLEY 
Engineer-in-Charge | 


Condenser En Dept 
Ingersoll-Rand Company 


UNTIL RECENTLY, photographic repro- 
ductions have had little use in most 
drafting rooms. Time honored and 
costly hand work has been the rule. 
The development of new materials, 
new processes, and new methods has 
radically altered this situation, so that 
today it is possible to establish a new 
» ae to drafting, based on the use 
of photographic reproductions to elim- 
inate laborious handwork. 

Any approach to a fast, cheap draw- 
ing process automatically rules out ink 
tracings. The problem, then, is that of 
reproducing original pencil drawings 
with prints of the highest qoaley. pro- 
duced in the shortest possible time, and 
at the least cost consistent with the 
maintenance of such quality. 


Characteristics of the Photographic 
Materials Used 


In general, two characteristics are 
necessary for any reproduction method: 
(1) ence, since many drawings 
are filed only in reproduced form; and 
(2) line quality, since sharply defined, 
high intensity lines insure legible 
prints. Both requirements are met by 
existing ae materials. 

The long life of a photograph, prop- 
erly processed, is an establis fact. 
Equally well established, though per- 
haps less well known, is the ability of 
the silver emulsions used in photog- 
raphy to heighten contrast, providing 
dense black lines on a clear, white 
background. The line density of a pho- 
tographic print, properly aks is 
invariably greater than the line density 


Propuct Encmveerinc — May, 1950 


of the original pencil drawing from 
which it “a ag . 

Both these facts indicate the choice 
of photographic reproduction materi- 
als, and especially a new photographic 

, known as “Autopositive Paper,” 
S pemnied product of Sete odak 
Company. Unlike conventional pho- 
tographic papers, Autopositive paper 
produces a positive copy directly from 
an original il drawing, without a 
negative. Obvious savings in time and 
material can be effected through this 
one-step method, as compared with fa- 
miliar negative-positive methods. At 
the same time, the new paper offers an 
escape from darkroom processing, since 
it can be handled in room light. “Au- 
topositive film” and “Autopositive 
cloth” like the paper, are also one-step 
materials ‘liffering only in the base on 
which the silver emuision is coated. 

Putting Reproductions to Work 

In making all types of reproduc- 
tions, the quality of the elajet draw- 
ing is —- and the basic princi- 
ples of good drafting increasingly im- 
portant. “Paint brush” and fine lines 
must be avoided. Letters and numbers 
should be kept open. Circles and com- 


pass lines should be of equal density 
to straight lines. In general a 2H pen- 
cil will give a line of adequate density, 
with an H pencil used for arcs and 
similar lines where the normal ten- 
ree Oa less pressure. By train- 
ing draftsmen to follow these practices 
and by selecting an open type face for 
standard drawing forms on good vel- 
lum, originals can be made which yield 
reproductions of optitmum or 
Given such originals, a pencil draw- 
ing on vellum is quickly converted to 
the equivalent of an ink drawing on 


cloth by photographic means. Auto- 
positive cloth is placed in contact with 
the original drawing and for a 
matter of seconds to a high intensity 
light source. This may be done on 
either conventional blueprint or diazo 
equipment, or on a conventional vac- 
uum frame “souped up’ by replacing 
the standard tungsten lamps with 
photofloods. Where this latter practice 
is followed, the photocopier should be 
equip with an electric blower to 

rovide the cmp res cooling necessary 

ause of the photofloods. 

In exposure, transparent yellow 
sheeting peer as a Shier between the 
light source and the original drawing 
The drawing is placed on the sheeting 
and the Autopositive cloth is posi- 
tioned on top of the drawing. After 
exposure, the cloth is given conven- 
tional photographic processing, dried, 
and is ready for use. 

The resulting positive reproduction 
may be either right-reading or reverse 
reading, depending on whether or not 
the pencil lines of the original were in 
direct contact with the silver emulsion 
of the photographic cloth. Where a 
right-rea:‘ing reproduction is required, 
the drawing is placed face towards the 
light source with its back to the emul- 
sion; where a reverse-reading cloth 
may be used, the drawing is placed 
face towards the cloth. Both types of 
prints have their advantages. Reverse- 
reading prints offer greater sharpness 
since there is less diffusion in printing, 
hold weak lines somewhat better, and 
offer sharper blueprints, since line-to- 
line contact is maintained in the blue- 
printing process. Against this is offset 
the legibility of the right-reading re- 
production and the ease of making 
changes and alterations on the face of 
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A Step-by-Step Photographic Process for Making Drawing Changes 


First step in making drawing changes. Unwanted, or out of Next, the “edited” reproduction is used to print a second 
date sections of drawing are simply sliced out of photo- reproduction. Original cut-out sections appear as perfectly 
gtaphic reproduction with a razor. . . . white blanks on the second print: . . . 





Then, the required changes are drawn in with a hard, hep 4 After all changes have been made, the revised reproduction 
pencil or a standard overlay is taped into place, to fill blani is used to make a positive photographic copy on cloth or 
spaces and connect with existing lines. . . . paper with a single exposure. No negative requir 


Now the reproduction is ready for use in making shop Blueprints are now made, as usual, and are highly legible, 
copies and for permanent file, serving as an — draw- with clean, sharp lines on a contrasting nodigperne. The 
ing. Handwork has been kept to a minimum. completed reproduction can now be filed. . . 
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the cloth, rather than on its back. 

In general, all new vellum drawings 
should be reproduced on cloth in this 
way, since cloth provides a medium 
which stands up under great abuse. At 
the same time, Autopositive-cloth re- 
productions are “to scale.” Stretch and 
distortion are negligible in the one-step 
process since this by-passes the paper 
negative. And it is in the negative step 
that distortion originates when making 
cloth reproductions by conventional 
negative-positive methods. 

The printing process described above 
is used not only for cloth reproduc- 
tions, but also for making reproduc- 
tions on either paper or film. In some 
cases, as when a drawing is likely to see 
little future use, a paper reproduction 
may be acceptable as a file copy. How- 
ever, paper reproductions have many 
other diverse applications and lend 
themselves for use as intermediates in 
a number of ways. 


Restoring Damaged Drawings 


One of the most important uses for 
such intermediates is the restoration of 
worn, stained or damaged drawings. 
Often an old and abused drawing 
from which no acceptable blueprint 
may be made, can be reclaimed by the 
use of Autopositive intermediates. 
Where the drawing is not too badly 
damaged, the high: contrast of the sil- 
ver emulsion may be sufficient to clean 


7 Final photograp.ic step is the microfilm camera. All draw- 
ings should be microfilmed, and the film rolls should be 
stored in fireproof vaults for safety. . . 
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up the background and increase the 
general line density to a point where 
acceptable blueprints can be made di- 
rectly from the reproduced print, with- 
out handwork. 

With more badly damaged drawings, 
however, additional steps may be nec- 
essary. One of the most successful 
techniques calls for the making of a 
reverse-reading Autopositive from the 
damaged original. Major unwanted 
marks caused by dirt, tears, or cracks 
may be removed by cutting out the af- 
fected sections with a razor blade. 
Minor unwanted sections are removed 
by common eradicators. This “edited” 
reproduction is then used to make a 
second Autopositive and, where neces- 
sary, lines or lettering may be touched 
up with pencil on this latter, right- 
reading print. Since line-to-line con- 
tact has been maintained in going from 
original to reverse-reading and back to 
right-reading, the finished intermediate 
shows little line spread and may be 
reproduced on cloth or used to make 
blue prints. Exceptionally poor draw- 
ings may be restored in this manner 
with a fraction of the handwork in- 
volved in retracing a damaged original. 


The Overlay Method 


Where assemblies are made from 
standard components, the use of stock 
form overlays can greatly extend the 
usefulness of combination drawings. A 


ings, and 


typical example of such components, 
used in condensers, are water boxes 
and condenser shells. These are made 
in a number of sizes and may be com- 
bined in different ways to meet the 
specifications of a given job. Overlays 
of water boxes of the desired size may 
be positioned on drawing paper as de- 
sired, together with an overlay of the 
shell to be used. The necessary connec- 
tions and details may be added in pen- 
cil, producing a finished drawing in a 
fraction of the time required to draft 
the assembly manually. 

Similar techniques are used in mak- 
ing combination drawings—drawings 
made part manually and part photo- 
graphically. With this technique, new 
views and sections may be added to a 
drawing and changes may be made 
without the need fox redrawing or re- 
tracing the unaffected sections. This is 
a proven metiiod of — drawing 
time which may be applied either in 
changing an existing drawing or in 
drafting an assembly to be made up 
from standard components. 

An example of this technique is af- 
forded by assuming an existing draw- 
ing on which a 6-inch flange is to be 
replaced by an 8-inch flange and a sec- 
tional rib detail is to be added. A re- 
verse-reading paper reproduction is 
made of the existing drawing and the 
flange details of the drawings are cut 
out and removed. Concurrently, the rib 


Another time saver is the overlay process. Complete draw- 
ings are er piecing together standard component draw- 


making cloth or paper reproductions. 
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detail is reproduced on Autopositive 
film, and this transparent reproduction 
is taped in place with transparent ues, 
as an overlay on the print. A right- 
reading print, including the rib, is then 
made from the first intermediate and, 
since the cut-out areas are blank, the 
8-inch flange is now pencilled in, join- 
ing with the Ser lines as re- 

uired. This is now a finished drawing 
hon which blueprints may be made in 
which the pencil lines cannot be dis- 
tinguished ome the photographic lines. 
Nor can the overlay outline be dis- 
tinguished in the print. 


Blueprints From Blueprints 


Photographic methods are also used 
in making reproductions from blue- 


prints where blueprints are the only 
copy available for use. Since a blue- 
print is in itself a negative, conven- 
tional contact photocopying paper is 
used to produce a positive of it in a 
single step. This may be retouched if 
necessary and from it a cloth reproduc- 
tion is made, again using Autopositive 
cloth. 

Thus, it can be seen that these new 
techniques have several advantages 
over conventional reproductive meth- 
ods. The time savings afforded by 
photographic reproductions, however, 
cannot be estimated easily. Depending 
upon the complexity of the drawings 
involved, they range from 10 to 75 
percent. It is sufficient to point out 
that months of experimental produc- 


tion have proved that great reductions 
in drafting time can be made. 
However, these methods have 
brought additional benefits in improv- 
ing the quality of final pe prints and 
in lengthening the life of the draw- 
ings. In cases where many prints are 
required, it is impractical to allow an 
original drawing to be submitted to the 
wear of print making. Reproductions 
on cloth or paper are used as printing 
masters and the original drawing re- 
mains in the file except when changes 
are needed. As a result, originals al- 
ways remain in excellent preservation, 
while blueprints from high-contrast re- 
ae offer greater contrast and 
egibility than blueprints made directly 
from the original drawings themselves. 





Trick Metals May Improve Strength of Steels 


SILVER RODS THAT BEND like lead but 
cannot be unbent. Metal wires that 
can be stretched as easily as a piece of 
taffy—once, but not a second time. 
Such are the characteristics of trick 
metals developed by Professor E. N. 
daC. Andrade, world authority on 
metallurgy, at London’s University 
College. 

The ordinary piece of metal is made 
up of a poser ss fo microscopic crystals, 
By contrast, the rods that bend and 
wires that stretch are single crystals 
several inches in len It is this 
monocrystalline structure of Professor 
Andrade’s metals that gives them their 
special properties. 

Of what practical value is this work 
with metals that exist only in special- 
ized laboratories? It is well known 
that even the toughest steel producible 
is only 1/40 as strong as it theoretically 
could be. “Where so many of the 
dreams of inventors are clearly im- 
possible on simple grounds of energy 
and related fundamental considera- 
tions, gigantic advances are here, at 
any rate, not inherently ruled out,” 
Professor Andrade declares. 

A one-half-inch single-crystal wire 
can be stretched under loads of 2 to 20 
Ib, depending on the metal. But once 
the wire is pulled, or the rod bent, the 
metal undergoes a strange toughening. 
A single-crystal copper wire c2a easil 
be pulled pape a origiual nats 
it then requires 80 times as much force 
to stretch it further. X-ray analysis 
indicates the reason for this is that 
stretching destroys the single crystal 
structure of the metal. 

Another unusua! characteristic of 
single metals is that, regardiess 
of the direction of the pull, they insist 
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on stretching in directions of their own 
choice. Nor does the wire stretch uni- 
formly. Rather it elongates in spurts 
along certain very definite glide planes. 

The result of this stretching action 
is a peculiar flattening of the wire, 
accompanied by curious steplike ridges, 
as if the crystal had moved in layers. 
These steps are slip-bands and can 
clearly be seen with the naked eye. 
The distance between the bands varies 
with different metals and with tem- 
perature. Sometimes a single crystal 
will exhibit several slip planes at 
angles to each other and frequently 
twinning occurs, with two sets of 
bands that are mirror images. 

The softness and gliding properties 
of single crystal wires Professor An- 
drade explains on the basis of imper- 
fections in the surface layers of atoms, 
ultra-microscopic “cracks” in the 
atomic “skin” of the crystal. Thus, a 
coating of oxide only 20 atoms thick 
will increase by 50 percent the force 
required to stretch a 0.5 millimeter 
wire, while thicker films will double 
the stress required. Also, bombarding 
a wire with alpha particles while it is 
being Prove 4 markedly increases the 
rate of flow of single-crystal cadmium 
in the early stages when fresh glide 
planes are ‘fn. formed. Since alpha 
particles have no penetrating power, 
this can only be a surface effect. 

It is edible that internal flaws may 
play a part in this crystal behavior, 

t so far surface defects are the only 
ones whose effect has been de‘mitely 
proved in the case of metals. 

Analogous deductions can be made 
from the experimental weakness of 
nonmetals like glass, quartz and rock 
salt as compared with their theoretical 


strengths. In each of these cases, it 
has been shown that the weakness lies 
in minute cracks in their surfaces, 
cracks which can be made visible by 
exposing them to sodium vapor. In 
the case of sheet mica, the surface of 
which is remarkably free of flaws ex- 
cept at the edges, it has been shown 
that the strength of such sheets is ten 
tines greater when the stress is kept 
solely on the perfect surface than when 
it extends to the imperfect edges. 

To make his single crystals, Profes- 
sor Andrade encloses an ordinary poly- 
crystalline wire in a glass tube in which 
it fits loosely and from which all the 
air has been evacuated. He then runs 
a traveling furnace slowly over the 
tube at a rate of about one half to one 
inch per hour. The wire melts locally 
and thea resolidifies as a crystal. 

One lesson learned fzom the study 
of the single crystals is that, because 
of atomic flaws, the individual metal 
crystals are exceedingly weak. The 
greater strength of every-day metals 
lies in their haphazard polycrystalline 
structure, with the glide-planes and 
glide-directions of the crystals oriented 
at random. Thus, each crystal is 
hemmed in by other crystals that will 
not readily “give” in the same direc- 
tion or plane in which it moves most 
easily. This is much like the principle 
of the girder, in which the planes of 
several sheets of metal are fixed at 
right angles to each other. 

Professor Andrade believes his ex- 

— results point out two tasks 
or the practical metallurgist: (1) To 
see if the atomic flaws in metal sur- 
faces can be eliminated; and (2) if 
not, to see how the polycrystalline 
nature of metals can be increased. 
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Dimensioning Involute Gears 
On Manufacturing Drawings 


Simplified method of dimensioning involute gears on manufac- 
turing drawings. Basic gear dimensions are discussed and a 
simple data form proposed that describes the gear completely 
without superfluous interdependent theoretical dimensions. 


SYDNEY L. TERRY 


THE GEOMETRY of conventional in- 
volute gears operating on parallel 
shafts is extremely simple. Yet princi- 
pally because of the inept method of 
describing gears that has grown up 
through the years, gear drawings are 
difficult to interpret. Drafting stand- 
ards differ widely, even among the 
large gear manufacturers. 

In addition to the gear drawing, tool 
companies asked to supply tools to 
manufacture a gear frequently require 
at least a drawing of the mating gear 
and the mounting center distance. They 
know from experience that all this in- 
formation, and probably more, will be 
required to reconcile the drawing data 
with the conditions required for proper 
mating of the teeth. 

If a gear is described as simply as 
possible, the description will suggest 
some fundamental changes in gear 
tooth data that would 

1. Avoid ambiguity in gear data. 

2. Avoid repetition of gear dimen- 
sions, omitting data directly dependent 
on other data given elsewhere. 

3. Permit a r to be made cor- 
rectly from its drawing alone. 


When describing a gear, the correct 
starting point is the external dimen 
sions used in the manufacture of the 
blank. The two blank dimensions that 
affect the teeth are the face width F, 
and the outside diameter D,. As a 
tule, these dimensions with their re- 
quired tolerances are given on the body 
of the drawing. 

The most obvious tooth dimension 
is the number of teeth on the gear. The 
most fundamental dimension, as far 
as the gear tooth profiles are concerned, 
is the base pitch. These two dimen- 
sions, without tolerance, head the list 
of required data. They determine 
completely and definitely the pitch, the 
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base circle diameter, and the contour 
of the active tooth profiles of the gear 
described. 

The base circle circumference is sim- 
ply the base pitch multiplied by the 
number of teeth. There is only one 
base pitch for a given gear, and mating 
gears on pataliel shafts must have 
equal base pitches. In contrast, a 
given gear may have any numbe: of 
circular pitches, since the circular pitch 
is based on some gear diameter and 
varies for different diameters. 

Specification of circular ~ is 
often ambiguous, because the diameter 
for which the circular pitch applies is 
not clearly designated. Circular pitch 
may be calculated from any one of 
several different operating pitch diame- 
ters, from a generating pitch diameter, 
or from a nominal generating pitch 
diameter. Cases have even been found 
where the diameters for measuring 
circular pitch were determined by cal- 
culating the tangent diameters of two 
mating gears at which their circular 
tooth thicknesses were equal. No such 
confusion can exist if base pitch is 
used, for each gear has only one base 
pitch and only one base circle. 

Either base circle diameter D,, or 
base pitch P,, should be specified to- 
gether with the number of teeth N. 
Both should not be given, since they 
are directly dependent on one another 
according to the relationship 

Ds = pp N/« (1) 

Of the two, the base pitch is to 
be preferred because it may be meas- 
ured directly on the gear. Sometimes 
five place dimensions may be neces- 
sary for the base pitch specification 
to give sufficient accuracy for calcu- 
lations. No diametral pitches need 
be given. They do not add to the 
information alread given by the base 
arg ony the n t of teeth. At 

, the diametral pitch adds noth- 
ing to the information already given. 


At worst, the diametral pitch may con- 
fuse the data because the diameter 
for which the diametral pitch applies 
is not clearly designated. 

The base circle diameter D, com- 
pletely determines the working portion 
of the tooth profiles, which are in- 
volutes of that circle. The number 
of teeth determines the angular spac- 
ing of these profiles. The outer limit 
of the teeth is controlled by the outer 
diameter D,, given on the body of 
the drawing. The inner boundary 
of the teeth is best given by the whole 
depth 4,. If limits on the root di- 
ameter are desired for some special 
reason, the whole depth should be 
omitted, and the root diameter D, 
given with the desired tolerances. 

The only remaining basic dimen- 
sion controlling the tooth size and 
shape is the tooth thickness. The tooth 
ws ha varies, of course, depending 
on the diameter at which it is meas- 
ured. Since the base circle diameter 
is usually less than the root diameter 
and always below the «ctive profile 
of the tooth, it is not a satisfactory 
diameter for measuring tooth thick- 
ness. The outside diameter is likc- 
wise unsatisfactory because it varies 
quite independently of tooth thickness 
tolerance, causing a variation in thick- 
ness measurement. Accordingly, tooth 
circular thickness ¢ should speci- 
fied at a given diameter D,. The tooth 
circular thickness should be given with 
a tolerance, but the diameter at which 
the thickness is measured should be 
given as a flat dimension. For auto- 
motive gears the tolerance on tooth 
circular thickness is usually from 0.001 
to 0.003 in. total allowable thickness 
variation. 

Tooth circular thickness in the plane 
of rotation is basic to the action of 
the gear, and provides the simplest 
and best starting point for calculations. 
For these reasons, tooth circular thick- 
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Fig. 1—Proposed method of dimensioning involute gears. Backlash, if specified, 
should be on assembly drawing. Circular thickness is always given in che pane of 
cdal 


rotation for consistency. 


thickness in the rotation and normal planes is 


readily calculated from the circular thickness. Other data can be readily calculated. 


ness is * roca to chordal thickness. 

The difference between chordal thick- 

ness ¢, and circular thickness ¢ is easily 
calculated by the approximation 

= t— = (2) 

Giving the tooth circular thickness 

together with the diameter at which 


it obtains establishes definitely the 
thickness intended by the maker of 
the drawing. Measurements over balls 
or rolls can be readily calculated from 
this thickness tolerance, and may be 
given as reference dimensions oa the 
body of the drawing. 

These six dimensions, two of which 
are on the body of the gear, describe 


























Y 








RH/LH helical lead XXXXX 
/ (helical gears only) 


Mating Gear Dimensions 
(Reference) 


Outside diarneter (mox), in... X. XXX 
Center distance (min), in...X.XXX 
Shaft angle..........XX.XX deg 


(crossed axis or 
geors only) XX deg XX min 








Fig. 2—Alternate method of dimensioning involute gears in which an enlarged tooth 


section is shown. All needed data can be specified on an enlarged tooth section. 
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the active portion of the os tooth 
compietely ia its plane of rotation. 
If the gear is helical, only one more 
dimension is required, the lead /. Lead 
is the axial advance of a tooth in inches 
for one full revolution of the gear. 
The lead is the same for any point 
on the tooth profile; that is why it 
can be called a basic dimension. Helix 
angle, on the other hand, varies for 
each diameter of the gear. Thus helix 
angle y should not be included on the 
drawing; it can be readily calculated 
if desired for any diameter D, from 
the relationship 


tan ¥, = «D/L 


There remains only the description 
of the fillet, or non-involute portion 
of the gear profile. The best way to 
tell the tool maker what is required 
for this portion of the profile is to 
give the number of teeth in the mating 
gear, the maximum outside diameter 
of the mating gear, and the minimum 
center distance in the final assembly. 

These reference dimensions will en- 
able the tool maker to design hobs, 
shaper cutters, shaving tools and so 
on as required, to give sufficient clear- 
ance with the tip of the mating gear 
and still maintain optimum tool life. 

If desired for stress reasons, a 
minimum fillet radius may be speci- 
fied. A full radius at the tip of a 
straight-sided generating tool of the 
proper whole depth and _ thickness 
gives a suitable minimum radius speci- 
fication provided that the cutter does 
not undercut any useful involute pro- 
file, and provided no running fillet 
interference with the mating gear oc- 
curs. No large fillet radius should be 
specified without an accurate enlarged 
gear tooth layout. 

The data listed complete the de- 
scription of the gear. From these data, 
the gear is definitely and completely 
described. No superfluous interde- 
pendent theoretical dimensions are 
thrown in to confuse the layman and 
to confound the experts. 

Gears operating on crossed axes may 
be true helical gears and may be fully 
described in the same way as helical 
gears operating on parallel axes. The 
base pitch of two gears operating on 
crossed axes, however, need not be 
the same. Action is correct only if 
the normal base pitch of the two gears, 
obtained by multiplying the base pitch 
by the cosine of the helix angle at the 
base circle, is equal for the two gears. 
Such gears generally have little capac- 
ity, but are often used for oil pump, 
distributor, and governor drives, as 
well as for the shaving method of 
finishing gears. For correct action of 
crossed axes gears, the normal base 
pitch Pp» of both gears must be equal. 
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itch can be ob- 
ollowing relation- 


The normal base 

tained from the 
ships: 
tan w% = rD,/! 

= py COs Yr 4) 

If crossed ‘es gears are made with 
the same hob, they will automatically 
have the same normal base pitch, and 
so will transmit uniform motion at 
some shaft angle, regardless of the 
leads of the two gears. Care must be 
taken, of course, to sez that the 
are not self locking. In general, to 
Operate at maximum efficiency, crossed 
axes helical gears should have helix 
angles of the same hand and as nearly 
equal as is practicable. 

It may be noted that no pressure 
angle is given. Pressure angle is 
another of the conventional gear di- 
mensions that varies with the diameter 
with which it is associated. To de- 
scribe correctly the pitch of a gear, 
pressure angle and circular or diametral 
pitch must be associated with the same 
diameter. Unfortunately this fact is 
sometimes overlooked by the designer 
when supplying pear tooth data. He 
knows what the base pitch is for the 
gears he has designed, but unless his 
— angle and his circular and 

iametral pitch dimensions are referred 
to the same diameter, he has not speci- 
fied the gear he wants 

The diameter usually referred to is 


the pitch diameter. A given gear may 
have an infinite number of pitch di- 
ameters. It may be generated on one 
pitch diameter, called the generating 
diameter; and it may operate on one 
or more different operating pitch di- 
ameters with its mating gears. 

Since “dropping a tooth from the 
normal blank”, using “‘spread centers’’, 
and cutting gears on oversize and un- 
dersize blanks have become quite com- 
mon, a multiplicity of pitch diameters 
is found to be also quite common. 
Such names as generating pitch di- 
ameter, nominal pitch diameter, op- 
erating pitch diameter, and — 
pitch diameter must therefore be used. 

Since a gear may have ary number 
of pitch Seaman the problem in 
reading the ie is to determine 
which of the given diameters has been 
used to determine circular pitch, circu- 
lar thickness and pressure angle. If 
more than one of the diameters has 
been used to calculate other dependent 
dimensions, the problem of divining 
the intentions of the designer becomes 
very complex. 

In Fig. 1 is shown a proposed data 
form that removes all of these diffi- 
culties. By discarding the outmoded 
nomenclature, the specification simpli- 
fies the more advanced fo~ms of gear 
design. Standard or existing cutters, 
of course, can be used to make long 


and short addendum gears, wees with 
a tooth dropped for the blank size 
given, and so on. The data form sug- 
gested clarifies such designs. 

All conventional gear dimensions, 
including pressure angle, ys di- 
ameter, circular pitch, and helix angle, 
can be readily calculated from the data 
given using the well known formulas. 
No wrong answers can be obtained 
from the data given. Note alse that 
every gear dimension given in the data 
can be readily given a tolerance, and 
held to that tolerance. Such procedure 
is often impossible with the current 
system of gear dimensioning, where 
much of the data are interdependent 

All needed dimensions, with the ex- 
ception of the reference dimensions 
pertaining to the mating gear, may 
conveniently be shown on an —— 
tooth section like that shown in Fig. 
2. The number of teeth, right or left- 
hand lead, and the circular thickness 
of tooth should be so labeled for 
clarity, but the base pitch, whole depth, 
and the diameter for measuring the 
circular thickness of tooth are obvious 
from the enlarged tooth section. 

Specification of the fundamental 
gear dimensions and the omission of 
unnecessary data materially simplifies 
the whole r picture, and should 
prove desirable to engineers, tool de- 
signers, and production men alike. 





Velocity of 


FOR THE FIRST TIME, scientists have 
succeeded in measuring the velocity of 
second sound at temperatures well 
within one degree of absolute zero. 
Second sound, the unique wavelike 
process of heat transfer occurring only 
in helium II, offers a most sensitive 
means for investigating the unusual 
roperties of this substance at very 
iow temperatures—properties which 
im many ways seem to constitute a 
fourth state of matter. 

When cooled to 2.19 K (the A- 
point), ordinary liquid helium (He) 
undergoes a transition to He" with a 
radical alteration of many of its prop- 
erties. While in appearance a liquid, 
He" exhibits characteristics of bes of 
the three states of matter. In some 
ways it acts as though it has no viscos- 
ity, flowing, apparently without fric- 
tion, through virtually vacuum-tight 
openings and up the side of a con- 
taining vessel at remarkable speed in 
seeming defiance of gravity. Its di- 
rection of flow through narrow orifices 
can be controlled entirely by the in- 
troduction of temperature differences. 
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Second Sound Near Absolute Zero 


At the A-point, the thermal conduc- 
tivity of He’ increases very abruptly 
by a factor of three million giving an 
apparent value for He" much greater 
than that of any other substance. This 
is because heat is propagated in He" 
as waves of second sound, whereas in 
other materials heat flow is purely a 
diffusion phenomenon. All of these 
effects can be explained by the pres- 
ence in He" of a superfluid. Atoms 
of the superfluid have had their energy 
reduced by cooling to the point where 
thermal motion has ceased, yet the in- 
termolecular forces are not great 
enough to produce a rigid solid. As 
a result, viscosity practically disap- 
pears. 

The existence of thermal waves in 
He™ was predicted first by Tisza and 
later independently by Landau in 
their efforts to explain the unusual 
— properties of the substance. 

of these theorists regards He” 
as a mixture of a normal fluid, con- 
taining most of the thermal energy of 
the liquid, and a superfluid, but they 
differ in the quantity of energy attrib- 


uted to the atoms of the superfluid 
Landau considers the superfluid as 
ge no therma! energy, whereas 
isza assigns to these atoms a smal! 
amount of heat energy 
According to both theorists, the 
application of heat to some part of a 
quantity of He™ upsets the equilib- 
rium between the two fluids, resulting 
in a migration of the two types of 
atoms in opposite directions. As the 
superfluid is assumed to have virtually 
zero viscosity, no resistance to this 
internal convection is presented by the 
body of the liquid. A sustained in- 
ternal vibration between the fluid 
components is thus possible, and this 
internal convection type of wave 
propagation constitutes second sound. 
ests verified Landau’s theory. 
When liquid He" passes through a 
small opening, three microns or less in 
diameter, atoms of the normal fluid 
are left behind. Since the superfluid 
atoms passing through the orifice do 
not take any thermal energy with them, 
the temperature on one side of the 
opening is considerably reduced. 
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Fig. 1—Spring-loaded leather seal used to protect 
the bearing of a semi-pneumatic industrial wheel. 
This type still is one of the most popular seals. 


ich Shaft Seal ? 


Shaft tolerances, shaft finish, shaft hardness, operating speed, 
and other factors must be weighed. The author tabulates the 
characteristics of the various types of seals such as springless, 
spring-loaded, dual, and face to make your choice easier. 


R. S. RAINEY 


Chief Engineer 
The National Motor Bearing Company 


THE STANDARD TYPE OF SHAFT OIL 
SEAL has always been a relatively sim- 
ple product. Nevertheless, it has many 
constructional features that can be 
varied to meet different operating re- 
quirements. Its physical dimensions 
can be regulated to conform with a 
multitude of conditions as also can its 
sealing qualities. Its materials can be 


selected to seal against almost any in- 
dustrial fluid, while the hardness of 
the compound or other factors can be 
sutiind ta meet any set of conditions 
to obtain adequate seal life, regardless 
of the operating conditions. Flexi 
bility in these respects has been in- 
creased by new synthetic materials and 
leather processes. The study of such 
factors as spring tension, shape of the 
sealing member, amount of shaft inter 
ference, combinations of different ma- 
terials in multiple, the relationships be- 


Fig. 2—Gear motor drive having a fluid seal with an outside protective seal- 
ing element (left) to exclude foreign abrasive matter from main sealing area 
and (right) a specially compounded synthetic rubber seal used at high speeds. 


tween speed, temperature and pressure 
in combination with other variables 
ilso have helped to bring the shaft 
seal to its present state of efficiency and 
adaptability. 


THE SPRING-LOADED LEATHER SEAL, 
Type (A) Table I, still represents the 
major proportion of all oil seal manu 
facturers’ output. It is a general pur- 
pose type that is selected when the 
sealing conditions are known to be 
non-critical, when peripheral speed is 
not more than 2,000 oe and when 
service temperatures are not above 200 
F. It is not as sensitive to shaft fin- 
ishes as synthetic seals, and works well 
when bores are rough. It will with- 
stand exposure to considerable amounts 
of dust and abrasive particles without 
auxiliary protection. It should not be 
used where absolute sealing is required, 
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Fig. 3—Typical front bearing seal for an automobile engine application. This is a 
spring-loaded synthetic seal—a type that is extensively used for general-purpose seal- 
ing applications when the equipment operates at moderately high speeds. 


as it has some tendency toward slight 
seepage. It is more effective than types 


made of synthetic materials when 
there is little or no lubrication of the 
bearing—although self-lubricating syn- 
thetic types have now been developed 
that are effective in these starved con- 
ditions. It is in use on automobile 
wheels, both front and rear, where 
lubricants are not corrosive. It is al- 
most universally recommended for all 
types of farm equipment and tractors, 
and for heavy machinery, gear trains, 
and trucks 


THE SINGLE SPRING-LOADED SYN 
THETIC SEAL, Type (B) is almost as 
universal in application as the Type 
(A) seal. It can operate under tem 
peratures up to 300 F at peripheral 
speeds of up to 4,000 fpm, and with 
shaft runouts or misalignment as high 
as 0.030 in. total indicator reading. It is 
also capable of complete sealing, allow- 
ing zero seepage at the lower speeds 
and temperatures. It can be used on 
practically all general applications ex- 
cept that it must always have sufficient 
abcletion, and shaft finish should be 
better than is necessary with the all- 
purpose leather type seals. Engines, 
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transmissions, pinions, and other equip- 
ment that operate at high speeds repre- 
sent typical applications. 


THE DUAL-TYPE SEAL, Type (C) with 
a single-loaded number and an aux- 
iliary, non-spring loaded member, is 
used acinecily in abrasive atmospheres 
to exclude small abrasive particles and 
retain oil or grease. The spring-loaded 
member may be made of either a syn 
thetic material or leather; the auxiliary 
member may be made of leather, a syn- 
thetic material, felt, or special ma 
terials. When the basic member is 
made of a synthetic rather than leather, 
the allowable temperature rating and 
the speed and runout that the seal can 
withstand are proportionately greater 
These seals normally will run at lower 
speeds and temperatures than their 
single member counterparts because 
the auxiliary members retains the heat 
generated in the assembly. If suff 
cient lubrication is present, the syn- 
thetic and leather types are practically 
interchangeable up to temperatures of 
200 F and speeds of 2,000 fpm. Felt 
is generally used when the abrasive is 
light; leather is recommended when 
the abrasive is mud or heavy dirt; syn- 


thetic materials are used under ex- 
treme abrasive conditions—mud, dirt, 
and water—and when the seal is con- 
tinuously exposed to such conditions 
as in the application shown in Fig. 4 
However, a synthetic auxiliary mem- 
ber is used only when speeds and tem- 
peratures are low, because there is gen- 
erally no way to lubricate the auxiliary. 


A COMBINATION SPRING-LOADED SEAL, 
Type (H), with two spring-loaded 
members opposed, is a type of seal 
that was designed to separate and re- 
tain different fluids in the same appli- 
cation. This type of seal is also speci- 
fied when it is necessary to retain a 
lubricant and exclude water. The 
sealing members may be constructed of 
leather or a synthetic material, subject 
to the same conditions as previously 


described. 


THE EXTERNAL EXPANSION SPRING- 
LOADED SEAL, Type (C), was devised 
because it often is impossible to assem- 
ble a seal in a — and have it op- 
erate on a corresponding shaft. Thus, 
it became necessary to design a seal 
that could be pressed on the shaft and 
that would make rubbing contact in 
the bore. Particularly on wheel or 
spindle applications does such a de- 
sign lend itself to easy assembly and 
disassembly, particularly in the pres- 
ence of taper-type bearings. Again, rub- 
ber is used for the high-temperature 
and high-speed applications, and 
leather is used for rougher assembly 
and lubricant-starved posi ions. The ex- 
panding element may be either an 7? 
coiled spring or a piston ring, which is 
used for slow operating speeds. 


THE TANDEM 
Type (J), is a type that is not as 
widely used as the other designs. It 
is limited in application because the 
second member usually is starved for 
lubrication, generally to such an extent 
that even leather is not alvvays satisfac- 
tory. Seals of this type are sometimes 


SPRING-LOADED SEAL, 


Fig. 4—Dual synthetic spring loaded seal 
used on disk plow journals to prevent en- 
trance of dirt into and leakage of grease 
out of the bearing. Such seals are used in 
dirty atmospheres, but must be operated 
at slightly lower speeds than single mem- 
ber synthetic seals. 











Table I—Common Fluid Seals and Their Applications 





Type of Seal 


(A) Spring-Loaded 
Leather Seal 


(B) Spring-Loaded 
Synthetic Seal 


(C) External Expansion 
Spring-Loaded Seal 


D) Springless 


Leather Seal 


(E) Springless Steel 
Supported 
Synthetic Seal 


(F) Springless Synthetic 
High-Pressure Seal 





—— 


Typical Applications 





General purpose uses 

Automobile wheels, tractor wheels, 
truck wheels, farm implements. 
With “B” below, represents 70 per- 
cent of all seals produced. 


Engines, tronsmissions, pinions. 
In general all applications where 
the shaft speed is above 2,000 rpm 





For press fit on shaft or hub to 
effect sealing at periphery of seal. 
Used particularly on wheel spindle 
applications on front wheels of any 
vehicle. Lends itself to easy assem- 
bly and disassembly. 





General purpose use when space or 
Also, 
where a simple seal is necessary, as 
to retain grease at low speeds. 
Also often used as a dust seal on 


price is a limiting factor. 


auto and truck axles. 


Used where space and price are 
limiting factors but will withstand 
higher 
than the springless leather seal (D) 
above Is beginning to replace 
spring loaded synthetic seals on 
simple, low speed applications, as 


speeds and temperatures 


inner automobile axle seals, low 
speed gear boxes, and farm equip- 
ment. 





Primarily pressure type seals used 
in pumps, also used on extremely 
small shafts where the relation of 
ID to OD does not allow space 


for relief as in (E) above. 








Operation Limitations 


Remarks 





Temp., F 


200 


Sealing Material 
Leather 


4,000 


Sealing Material 
Synthetic 


300 F synthetic 
200 F in leather 


4,000 


Sealing Material: 
Leather or Synthetic 


180-200 


Sealing Material 
Leather 


3,000. 
3,600 


Sealing Material 
Synthetic 


Variable, Variable, 
usually not 
over 180 





Sealing Material 
Synthetic 


3, 600- 


3, 600- 


1,000 


usually a max 
of 800—-1,000 





Cannot be used when shaft runout 
is high, when peripheral speed is 
over 2,000 fpm, or where tempera- 
ture is above 200F. 


Can be used with temperatures up 
to 300F, peripheral speeds up to 
4,000 fpm, or with shaft runouts as 
high as 0.030in. Must be used 
with well finished shafts and should 
never be used where lubrication is 
absent or scanty. 


The external type of seal is useful 
when the seal rotates rather than 
the shaft because the centrifugal 
force in the spring tends to make a 
tighter seal. 


One of the most simple and inexpen- 
sive seals and effective 
against heavy lubricants when 
speed and temperature are low. 
Also, is an effective dust and dirt 


quite 


An effective seal which has the ad- 
vantage of being able to withstand 
more pressure than above types. 
Often used with 15 to 25 psi pres- 
sure but should not be used where 
there is excessive runout or whip 


An economical type seal often 
operated at 70-100 psi or higher 
if speed and temperature are held 
to a minimum 








recommended for operation under ex- 
tremely abrasive conditions; in such 
cases, the sealing members are both 
pointed away from the grease and are 
regularly flushed by a grease gun. Dou- 
ble spring-loaded seals still are applied 
when service speeds and temperatures 
are high, abrasives are heavy, and a 
flexible spring-loaded member must 
be used instead of an inert non-spring 
loaded auxiliary; but later designs, 
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such as Type (G), with a synthetic 
auxiliary, are rapidly replacing this 


type of seal. 


THE SPRINGLESS LEATHER SEAL, Type 
(D), might properly be described as 
the simplest oil seal possible. Primar- 
ily it is a leather disk that is exten- 
sively used whenever space or price is 
a limiting factor. It must be used, 
however, only at low speeds and tem- 


peratures. It is never considered a com- 
plete seal because oil seeps through it 
to some extent. It is not effective 
against lubricants of light viscosity. Its 
principal use is as a heavy grease seal 
and, more important, as a dust seal. 
When intended as a dust seal, felt is 
sometimes used instead of leather, es- 
pay if speeds are high. It hes 
een applied on some auto and truck 
axles, particularly on the front wheels, 
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Type of Seal 


(G) Dual Type 
Spring-Loaded Seal 


H) Combination 


Spring-Loaded Seal 


er) 


(J) Tandem 
Spring-Loaded Seal 


(K) Boot-type 
Face Seal 


(L) Case-type 
Face Seal 


Typical Applications 


Temp., F J 


Operation Limitations 


Speed, fpm 





In dust ladened atmospheres or 
where abrasive particles 
must be sealed from the oil. 

Outer axle seals, front end of 
engines, unprotected pinions and 
transmissions 


other 


For separation and retention of two 
fluids, such as, gear boxes and 
chains of gears where two types of 
lubricants are used. Also for gear 
boxes or other drives operating in 
water with one member holding oil 
and the other water 





For heavy duty applications, or 
under a head of oil. Or on extreme 
abrasive conditions where the 
second member helps to keep abra- 
sives from the main member. Used 
sometimes on track roller applica- 
tions, disc plows, etc. 


Remarks 





200 2,000 


Sealing Material: 
Synthetic with auxiliary of 
leather, felt, or any other 
required material 


180-200 


Sealing Material: 


Leather or Synthetic 


Sealing Material: 
Leather or Synthetic 





When frictional losses must be lower 
than with types (A) to (J). Used 
in water pumps and other types of 
pumps where friction must be an 
absolute minimum. 


300 
5,000 
and up 
Sealing Material: 
Synthetic 


These are dual type seals. Tem- 
peratures and speeds should not 
be too high because the auxiliary 
tends to add heat to the operation. 


Opposed seals of this type, regard- 
less of what material is used, must 
be lubricated in some manner from 


both sides 


Seal is limited as is type (H) above 
by lack of lubrication the 
secondary Whenever it 


on 
member. 
both members be 


is used must 


lubricated. 


Has long service life but is more 
expensive both to manufacture and 
to arrange in a wait. Special 
designs can be made for tempera- 
tures up to 600 F. 





When frictional losses must be lower 
than is gotten with other types. 
Used in similar positions as (K) 
above but the seal is entirely uni- 
tary and must be pressed into 
position. 








300 
Also special 
materials up 
to 400 


4,000- 
5,000 
and up 





Sealing Material: 
Synthetic 


The same as (K) above. 

















on electric motors, and even on simple 
mechanisms as an all-purpose seal. 


THE SPRINGLESS, STEEL-SUPPORTED, 
SYNTHETIC SEAL was one of the first 
types of synthctic seals. The inherent 
resiliency of the rubber in this seal 
has a somewhat similar action to a 
spring. It does not withstand shaft 
eccentricities above approximately 
0.010 in. total indicator reading, but 
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if operating conditions are good, com- 
plete closure can be made on shafts 
Operating at speeds up to 3,600 fpm 
and at temperatures as high as 300 F. 
Generally, it is opened under less 
exacting conditions to prolong its life. 
It has the added advantage of being 
able to withstand pressures on the 
order of 15 to 25 psi, whereas the nor- 
mal spring, single-loaded synthetic 
seal, such as Type (B) can only with- 


stand pressures of 5 to 10 pounds per 
square inch, 


THE SPRINGLESS, SYNTHETIC HIGH 
PRESSURE SEAL, Type (F), is a vatia- 
tion of Type (£) that is utilized when 
the ratio between the ID and the OD 
is too small to allow relief at the lip. 
It also is capable of withstanding pres- 
sures as high as 70 to 100 psi and 
higher if shaft speed and operating 
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temperatures are low. Such seals must 
be used with discretion, however, as 
the inherently large shaft pressures 
will burn out the seal if service tem- 
peratures or operating speeds are ex- 
cessive. They are also incapable of 
taking up any degree of runout or 
eccentricity. They have been found 
useful as wipers on reciprocating shafts 
such as for hydraulic cylinders and 
pistons. 


THE BOOT-TYPE FACE SEAL, Type 
(K), has many specific uses, although 
the use of face seals versus the stand- 
ardized shaft seal is still a matter of 
considerable controversy. Often a face 
seal is used when a properly designed 
shaft seal would be as fully effective. 
Face seals generally are much more 
expensive to manufacture and to ar- 
range in a unit than are shaft-type 
seals. When properly designed, how- 
ever, face ah have the lowest fric- 
tional loss of any type; they generate 
less heat and are capable of taxing up 
more end-play and misalignment. Also. 
in certain applications they will more 
effectively retain lubricant and pro- 
tect the bearing. If not operated under 
extreme conditions, they have long 
life. 

Face seals are recommended for all 
types of pumps, particularly automo- 
tive water pumps. They also are rec- 
ommended for precision equipment 
operating at extreme speeds where low 
frictional characteristics are a necessary 
requirement. Many such types of seals 
are operating at rubbing speeds as 
high as 5,000 to 6,000 fpm, and it is 
possible to manufacture them of ma- 
terials capable of operating in am- 
bient temperature of 600 F. They can 
also be designed of such material that 
any type of industrial fluid, including 
acids, may be used. Type (K), shown 
in the accompanying chart, is for appli- 
cations involving low speed and rela- 
tively clean operating conditions, and 
where mating parts are such that a 
drive through the sealing face is not 
necessary. It is one of the simplest and 
cheapest forms of face seals but is still 
relatively expensive. 

Graphite sealing faces are used ex- 
tensively for face seals, especially for 
sealing against oil, steam, and water 
in such products as pumps, washing 
machines, and steam turbines. Other 
materials, including unpregnated fab- 
rics, are also applied to such seals in 
many instances. 


THE CASE-TYPE FACE SEAL, Type 
(L), is another variation of the face 
seal that is often used when the seal 
must be pressed on a housing. It is 
capable of operating under higher 
speeds and wider speed variations than 
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Type (K), but it is somewhat more 
expensive to manufacture. 

Whenever a face-seal is used, the 
finishes and tolerances on all the ma- 
ting surfaces must be considerably more 
accurate than for a shaft-type seai. 
Thus, the designer should first consider 
shaft-type seals before ap to 
the expensive requirements of a face- 
seal design. 


Conditions 
Affecting Operation 


There is much more to successful 
seal application, however, than mere 
selection of the seal. The condition 
of the shaft, of the assembly, and of 
mating seal surfaces must all be held 
within specified limits. The major fac- 
tors affecting seal life and perform- 
ance are as follows: shaft tolerance 
and finish; shaft hardness; operating 
pressure; shaft speed and operating 
temperature; and eccentricity, whip 
and runout. 


SHAFT TOLERANCE AND FINISH. For 
fluid sealing applications, a shaft tol- 
erance of +-0.001 in. is recommended, 
although the average oil seal is effec- 
tive if the differential is as great as 
+0.005 in. However, shaft condition 
is probably more important than shaft 
tolerance. The shaft must be round 
and free of nicks or machining marks 
that would permit oil to seep under 
the seal. It should be designed so that 
there are no keyways, sharp corners, 
or machined ridges that cut the seal 
during assembly. 

In general, the smoother the finish 
the longer the life of the seal. Experi- 
ence has proved, however, that a shaft 
finish of 15 to 25 mu in. rms is a prac- 
tical compromise. Such a finish gen- 
erally can be obtained by standard pro- 
duction methods without prohibitive 
increases in cost. Either leather or 
synthetic seals can operate satisfactorily 
on shafts of this finish; for example, 
some seals have been operated on test 
for more than 12,000 hr. at peripheral 
speeds of 3,600 fpm on shafts of such 
finish. With speeds of 2,000 to 2,500 
fpm, life is measured in years. 

In many applications it is necessary 
to use shafts having a roughness as 
high as 50 to 65 mu in. rms. If the 
speed is not too great, the performance, 
——— of leather seals, is satis- 

actory. Tests have been conducted on 

shafts with finishes up to 150 mu in. 
rms, but if the speed is in the neigh- 
borhood of 3,600 to 4,000 fpm, life 
may be as short as a few months. 


SHAFT HARDNESS. If the shaft is pro- 
perly finished, shaft hardness is largely 
dictated by the extent to which abrasive 


materials are turned into the sealing 
area. When abrasive conditions are 
severe, the seal area and bearing area 
should be flame or case-hardened, at 
least locally; automotive crank-shaft 
ends and the drive mechanisms of 
heavy earth-moving, agricultural or 
construction equipment are examples 
of equipment on which this is done. 
If, however, shaft speeds are relatively 
low and there are no unusual abrasive 
conditions, the seals will operate on 
shafts of cold rolled steel. 


HOUSING BORE AND TOLERANCE. The 
recommended tolerance on housing 
bores is 0.001 in. In practice, the 
bore usually is specified with some 
nominal dimension and the seal is 
made slightly larger so that it can be 
pan in position, the increase usually 

ing from 0.004 to 0.005 in. for 
shafts of medium sizes. These bores 
are usually turned, and the finish is in 
the neighborhood of 40 to 60 mu in. 
rms. However, it may be difficult or 
impractical from 4 cost standpoint to 
maintain a finish even this fine, and if 
so, seals with a rubber covering are 
recommended. They can be used on 
bores as rough as 100 mu in. rms or 
greater without sealing compounds. 

When designing the housing, suffi- 
cient chamfer should be specified on 
the bore. Without this chamfer, there 
is danger of scoring or cocking the 
seal during assembly so that its per- 
formance is iapaied. 


OPERATING PRESSURE. Neither the 
1 a Sar pies or springless type of 
shaft seal was originally designed as a 
pressure device, but as previously men- 
tioned, recent developments in the 
field of synthetic materials, have made 
possible its use under pressure as high 
as 200 to 300 psi. However, if pres- 
sures of even 5 to 15 psi are exerted 
on a spring-loaded flexible type seal, 
the operating speed must be below 
1,000 fpm and temperatures must not 
be above 140 to 175 F. There must 
be no excessive runout or whip and the 
shaft finish must be 25 mu in. rms. If 
the onpee is 50 to 100 psi the seal- 
ing lip must be thickened, a spring be- 
comes unnecessary, speeds must be 
lower, and shaft finish should range 
from 10 to 15 mu in. rms maxirnum. 

Referring to the accompanying 
chart, the universal type of oil seal, 
either (A) or (B) is capable of with- 
standing pressures of ale 5 to 10 psi. 
Type (£), a springless synthetic seal, 
is capable of 15 to 25 psi. Type (F) 
was designed for operating pressures 
of 70 to 100 psi, and has been: used at 
pressures of 600 psi under extremely 
favorable operating conditions but 
such applications are unusual. 
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SHAFT SPEED AND OPERATING TEM- 
PERATURE. Probably the most im- 
portant subject to investigate when 
selecting a seal is the peripheral or 
rubbing speed at the sealing surface of 
the seal. On this, primarily, depends 
the basic design or type of seal to be 
used. Leather sealing members have 
been continuously improved until they 
are now recommended for peripheral 
speeds of more than 2,000 fpm; syn- 
thetic seal can be operated at periph- 
eral speeds up to 3,600 and even up to 
4,000 fpm. Since temperature is gen- 
erally a function of the peripheral 
speed, the best types of leather are 
recommended for temperatures only up 
to 200 to 225 F, while modern syn- 
thetic sealing compounds are capable 
of 300 to 325 F. Care should be taken 
that the ambient temperature plus that 
developed by the rubbing contact of 
the sealing member does not exceed 
these limits. 

Tests show that a synthetic seal has 
only one-third to one-half the friction 
of a leather seal when operating under 
the same conditions. Both speed and 
temperature are factors that shorten the 
life of any seal. Thus, where either is 
excessive the other should be adjusted. 
For instance, where a seal is required 
to operate at 3,000 fpm, or more, am- 
bient temperature should not exceed 
200 F, runout or eccentricity should 


not be more than 0.010 in. total indi- 
cator reading, and shaft roughness 
should not exceed 20 mu in. rms. 


Eccentricity, 
Whip and Runout 


Shaft eccentricity, misalignment, 
momentary whip and end play are con- 
ditions that are present in varying de- 
grees wherever hates turn. These con- 
ditions create basic sealing problems; 
but a proper oil seal can, and does, 
protect the bearing. When these con- 
ditions are severe, specially designed 
seals are necessary. Exhaustive tests 
have shown that properly designed syn‘ 
thetic rubber seals, with correct spring 
tensioning, will operate successfully 
with shaft eccentricity as high as 0.030 
in. total indicator reading at 4,000 
rpm. In such cases, it is important 
that flexibility of the sealing member 
be balanced exactly with the proper 
spring tensioning. Again, as with 
other unusual conditions, excessive ec- 
eepnas shortens seal life and should 
be avoided, but if necessary, other fac- 
tors such as speed, or shaft finish, can 
be adjusted to compensate for it. 

Actual misalignment of mating parts 
has a slightly different effect on seals 
than eccentricity of the shaft itself. 
Good sealing has been achieved when 
misalignments were as high as 0.035 


in., but to get svch satisfying results, 
surrounding conditions must be the 
best santte and the seal must be of 
a special design. 

The momentary whip or misalign- 
ment that occurs in flexible cranks or 
drive shafts requires a slightly different 
flange design. Flexibility and hardness 
of the sealing member must be so ad- 
justed that the sealing member does 
not leave the shaft during the whip ac- 
tion. Otherwise, pumping or spurt 
leakage will occur at intervals 

Excessive end play in a shaft re- 

uires a different approach. The flex- 
ible design useful ra high speeds and 
temperatures and extreme eccentricity 
may buckle and misplace itself in rela- 
tion to the shaft during excessive end 
movement. A compromise is required 
to retain the flexibility that is neces- 
sary if perfect sealing is to be accom- 
plished, and still obtain a seal that will 
withstand the endwise movements. Ex- 
cessive amounts of any of these shaft 
movements will shorten the life of the 
oil seal and should be compensated for 
by other factors. The designer should 
try to keep eccentricity not over 0.005 
in, indicator, misalignment not more 
than 0.005 to 0.010 in., and shaft end. 
play not more than 1/32 in. Shaft 
whip can often be minimized by in- 
creasing the size of the shaft or by 
increasing the number of bearings. 





Designing with Dollars Subject of June Issue 





harmo inion 1949 IssUE OF Propuct ENGINEERING con- 


tained over 200 case example studies showing methods 
designers were using to lower the cost of their products 
through redesign. The subject of cost was important 
then. It is even more important today. As a result, 
next month’s issue of Proviuct Engineering will again 
carry data on this subject in a special “Designing with 
Dollars” section. But instead of case examples, this 
time the editors have dug deep for basic dita on how to 
design a low cost, high quality product. Besides funda- 
mental articles on methods of organizing a cost analysis 
group in the engineering department, how to figure the 
direct and intangible cost of a product, and others, will be 
50 pages of “Dollar Saving Tipsheets.” 

These tipsheets will be divided into groups to facili- 
tate rapid reference. One group will consist of funda- 
mental data for the selection of mechanical transmissions 
elements. Another with fastenings, mounting and mech- 
anical parts. Still another will cover types of produc- 
tion processes, such as die casting, sand casting, screw 
machine production, cold heading, and brazing. Nor 
will materials, hydraulics and pneumatic components, or 
electrical components be forgotten. 

Under mechanical transmissions will be included tip- 
sheets on gears, speed reducers, chain drives, V-belt 


drives, clutches, couplings, brakes, sleeve bearings, and 
anti-friction bearings. Besides the previously mentioned 
subjects, under types of construction will be check lists 
and tips on impact extrusions, spun parts, stampings, 
forgings, tubing, cold roll formed sections, powdered 
metal parts at others. The section on materials will 
contain tipsheets on the selection of plastics, of finishes, 
and of ferrous and non-ferrous metals. The electrical 
section will contain tipsheets on “Ways to Reduce Your 
Wiring Cost,” “Factors that Add to the Cost of Electri- 
cal Motors”, and others. 

It is obvious that such data is very difficult to get and 
being so the entire issue will be one that engineers will 
want to keep on the buuxsnelf for a long time to come. 
The special issue last year, “Designing for Lower Cost”, 
showed what was being accomplished in terms of re- 
design by concerns all over the country. This issue, 
June 1950, tells ow to go about that redesign 

All told, there will be 64 pages of cost reduction data 
that will help you to ques the problem of cost analy- 
ses for your product in a practical way. 

The concerns who have contributed to this issue would 
make a “Who's Who” of American industry. The edi- 
tors firmly believe that both the subject and the material 
make this an issue that no reader can afford to miss. 
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Fig. 2—Radial strain at 1.0 hr and 5.0 hr 
on a special high temperature alloy when 
run at 20,000 rpm and 1,200 F. 
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Fig. 1—Section through high speed disk tester, which can handle specimens up to 
14 in. diameter and 2.0 in. thick. The specimen can be rotated at — up to 35,000 
rpm, and held at temperatures up to 1,500 F. Larger specimens can be tested with only 
slight modification of the equipment, and specimen temperature can be maintained 
uniform or varied in radial gradients up to about 100 F per inch. 


Fig. 3—Radial displacement (A) and 
tangential strain (B) for the same speci- 
men used to obtain the data for Fig. 2. 
Open pints on (A) are calculated 
tangential strains, others measured. 


High Temperature Testing Machine 


From “A High-Speed, High-Temperature 
Precision Testing Machine for Gas Tur- 
bine Disk Research” by A. C. Hagg, B. 
Cametti, and G. O. Sankey, Westinghouse 
Research Laboratories. Presented at the 
Annual Meeting of the Society of Experi- 
mental Stfess Analysis, December, 1949. 
A PRECISION TESTING machine has 
been designed to carry out a part of a 
research project to determine the 
strength of gas-turbine disks. Experi- 
mental studies with this equipment are 
conducted in parallel with theoretical 
studies and have as their objective the 
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development and evaluation of disk 
design calculation methods. 

The machine can handle disk speci- 
mens up to 14 in. dia. and 2 in. 
thick, and larger specimens can be 
handled with only minor modifica- 
tions. The specimen is mounted with 
the axis vertical on a flexible shaft; the 
driving motor is of the induction type 
and covers a speed range up to 35,000 
rpm. The furnace is designed for a 
—— temperature up to 1500 F. 

¢ specimen temperature may be uni- 


form or arranged for radial gradients 
up to about 100 F per inch. 

Primary design emphasis was placed 
on means for accurate measurement 
and control of specimen speed and 
temperature, and on the determination 
of plastic and creep strains. Average 
speed error for a run is less than 0.01 
percent; the maximum instantaneous 
error is about 0.5 percent. Specimen 
temperature is continuously measured 
and recorded using specially developed 
thermocouple circuits and slip-cing 
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coupling; temperature errors are less 
than 10 F by test calibrations. Plastic 
and creep strains are measured over 
the disk surfaces in radial and tangen- 
tial directions utilizing punch marked 
spacings. The average error in strain 
measurement is 5 percent. 


General Description of Machine 


A cross-sectional view of the disk 
testing machine is shown in Fig. 1. 
The disk specimen is mounted by a 
screwed fastening to the top of a ver- 
tical flexible shaft. The drive is a 
plain bearing 3-phase induction motor 
with a variable frequency power sup- 
ply. A damping element focated be- 
tween the disk and the motor is at- 
tached to the flexible shaft through 
plain bearings and is effective in con- 
trolling vibration amplitude at the 
critical speeds and in overcoming en- 
ergy sources that might otherwise lead 
to self-excited oscillations of the sys- 
tem. The thrust of the rotating system 
is taken by a Kingsbury-type bearin, 
at the underside of the motor. All 
bearings are lubricated with light spin- 
dle oil at 30 psi pressure. 

The furnace encloses the disk speci- 
men; for uniform temperature runs, a 
two-section grid type resistance ° .nd- 


ing of Nichrome strap is located one 
section below and one section above 
the disk with the grid pattern at right 
angles to each other. By test, with 
thermocouples located at inner, outer 
and intermediate radii, this heater 
gives uniformity of specimen tempera- 
ture to within 5 F. A radial tempera- 
ture — in the test disk is ob- 
tained by a circumferential grid-ty 
resistance winding radiating heat to the 
outside thickness area, and by con- 
duction to and radiation from the disk 
faces to adjacent cooled surfaces. The 
thermal insulation sections are cast to 
size using high temperature insulating 
cement. The metal enclosure is made 
in thin section (} in.) so that in event 
of failure the disk fragments will 
pierce the section with a minimum 
of scuffing on fracture surfaces. 
Removal of the metal furnace en- 
closure and the top insulating section 
is a minor operation thus making in- 
stallation, removal, or inspection of 
the disk specimen quite convenient. 
Rotating thermocouple circuits are 
used for measurement of specimen 
temperature. The slip-ring coupling 
for these circuits is attac to the 
lower end of the motor shaft. A de- 
tailed description of this rotating 


thermocouple circuit is included in 
the original paper, as well as a de- 
scription of specimen preparation and 
test procedures and of the equipment 
and techniques for the measurement 
and/or control of temperature, speed, 
and strain. 

The time required to carry out a 
test exclusive of the actual running 
time is approximately 150 man hours; 
this pags. per to two men working 
a two week period. During a test run 
present practice is to have an opera- 
tor in attendance, although the opera- 
tor is for the most part free to carry 
out other parts of the testing sequence 
such as strain measurements on pre- 
vious or succeeding test disks. 

To illustrate the type of informa- 
tion obtained in the tests, the data of 
Figs. 2 and 3 are presented. In Fig. 2 
radial strains are shown for a 1 hour 
and a 5 hour run on a special high 
temperature alloy at 1,200 F and 20,- 
000 rpm. Fig. 3(A) shows radial dis- 
eee pam: and Fig. 3(B) are cala- 
ated tangential strains from the radial 
displacement curve and the solid points 
plotted on the same figure are the 
measured tangential strains. 

Results from the equipment have 
been consistently good 





Selenium and Copper Oxide Rectifiers 


Foreign abstract from “The Characteris- 


tics and Applications of Metal Rectifiers”, 
P. A. yer, The Transactions of the 
S. A. Institute of Electrical Engineers, 
Johannesburg, South Africa, July 1949. 


IMPORTANT DEVELOPMENTS in physi- 
cal and electrical research, coupled 
with improvemets in manufacturing 
technique have, during the recent war, 
considerably improved the character- 
istics and greatly extended the field of 
application of metal rectifiers. 

Of the many types of “dry aoe 
or “barrier layer” rectifiers developed, 
the copper oxide and selenium types 
are by far the most well-known, mainly 
by reason of the fact that they have 

roved by far the most successful. 

e paper is confined mainly to a brief 
consideration of the characteristics and 
a more detailed treatment of the appli- 
cations of the modern selenium-com- 

und rectifier, which has superseded 
its copper oxide equivalent for indus- 
trial and power applications. 

It is emphasi however, that the 
copper oxide rectifier is not by any 
means obsolete, in that it possesses 
characteristics which cause it to be 
selected for use in certain circuits in 
preference to the selenium type. 

Following now is a comparison be- 
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tween the characteristics of the selen- 
ium and copper oxide types. 


MAXIMUM OPERATING ‘TEMPERA- 
TURE, The reverse resistance of the 
copper oxide rectifier decreases appre- 
ciably at temperatures above 55 C with 
a consequent rapid increase in the re- 
verse and total losses. In addition, 
creep in the copper oxide rectifier 
usually results in an increase of re- 
verse current with time. For these 
reasons the copper oxide element 
should not be operated at a tempera- 
ture higher than 55C. The selenium 
rectifier may be run at temperatures up 
to 75 C. 

The efficiency of the latest selenium- 
compound rectifiers exceeds 90 per- 
cent. This compares with the figure of 
about 80 percent obtainable with cop- 
per oxide elements. 


REVERSE VOLTAGE PER ELEMENT. 
The selenium element and particularly 
the “double-voltage” type recently de- 
veloped may be operated at a consider- 
ably higher reverse voltage. Except in 
the case of low-voltage applications, 
the assembled rectifier unit contains 
only from one-half to a quarter of the 
number of series elements used in the 
copper oxide type for the same output. 


BuLK, WEIGHT AND Cost. The three 
factors already referred to combine to 
bring about a considerable reduction 
in the bulk and weight of the selenium 
rectifier as compared with a copper 
oxide unit designed to give the same 
output. The reasons are summarized 
below: 

(a) The increas- from 55 C to 75 
C in the permissible operating tem- 
perature gives an increased temperature 
gradient between the rectifier and the 
surrounding air and permits a substan 
tial reduction in the area of the cooling 
fins or heat-dissipating surface. 

(b) In view of the increased efh- 
ciency of the selenium rectifier, the 
total power loss to be dissipated is 
greatly reduced. This further reduces 
the radiating surface necessary. 

(c) Due to the higher operating 
voltage per element the number of 
rectifier elements employed may be re- 
duced substantially. 

The reduction in bulk and weight 1s 
accompanied by a reduction in manu 
facturing cost. 


Stapitiry. The rapid increase in re- 
verse current at elevated temperatures 
and the existence of the positive creep 
phenomenon in the copper oxide rec- 
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Fig. 1—Typical characteristic curves for 
metal rectifier; Curves A, B and C are 
for copper oxide, selenium and double- 
voltage selenium, respectively. 


tifier combine to make it unstable if 
the temperature is high or the loading 
excessive, when its losses and tempera- 
ture rise may increase rapidly and in- 
definitely. No such instability exists in 
the case of the selenium rectifier. 


AcinG. In the case of the copper oxide 
rectifier the forward resistance may be 


iN «G A B S§ 
substantially increased by aging, par- 
ticularly if the operating temperature 
is high. 

The magnitude of the increase in 
forward resistance is smaller in the 
selenium rectifier. 


SUITABILITY FOR O1L-IMMERSION. The 
selenium rectifier is particularly suited 
for oil-immersion. This is an impor- 
tant advantage, since industrial recti- 
fiers of the air-cooled type, in spite of 
improvements in protective coatings, 
cannot be expected to withstand ex- 
tremely humid conditions or exposure 
to corrosive atmosphere for long 
periods. 

SELF-CAPACITANCE. A copper oxide 
rectifier unit, designed to operate at a 
given voltage, has a lower self-capaci- 
tance than the equivalent selenium 
unit. This has the effect of decreasing 
the reverse leakage at relatively high 
frequencies. 


SHAPE OF CHARACTERISTIc. The “bot- 
tom bend" of the forward character- 
istic occurs at roughly 0.25 volt for 
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copper oxide and 0.5 volt for selenium 
at 20 C. The copper oxide character- 
istic is therefore linear down to a 
lower voltage and this fact, together 
with its lower self-capacitance, gives 
it a substantial advantage over the 
selenium type for instrument rectifica- 
tion and for certain high-frequency 
applications. 


REVERSE VOLTAGE PEAKS. Whereas 
the maximum rated reverse voltage ap- 
plied to a copper oxide rectifier may 
be increased under conditions of inter- 
mittent application to about twice the 
normal value, that applied to the selen- 
ium rectifier should not be exceeded, 
even momentarily. 

It is clear from this summary that 
while the last three factors explain the 
reason for retention of the copper 
oxide rectifier in instrument and com- 
munication circuits, the first seven are 
overwhelmingly in favor of the 
selenium-compound type for power ap- 
plications. One field where dry rec- 
tifiers are extensively used is the motor 
control field. 





Rototrol Regulators on Machine Tools 


From “The Application of the Rototrol 
Rotating Regulator to Machine Tools” 
by M. H. Fisher, Westinghouse Electric 
Corporation, presented at the AIEE Fall 
General Meeting, Cincinnati, 1949. 


IN THE ORIGINAL FORM, this paper in- 
cluded a discussion of the require- 
ments of adjustable speed drives for 
machine tools, and gave detailed data 
on Rototrol circuits and characteristics. 
The Rototrol is a special d-c generator 
having 

(1) Extra long poles to accommo- 
date more than the usual amount of 
copper 

(2) The poles and frame compris- 


ing the stationary magnetic path an- 
nealed to reduce the residual magne- 
tism effects. 

(3) The armature usually con- 
structed of paper and steel laminations 
arranged alternately to make the arma- 
ture 4 paper and 4 steel. This forces 
the armature to saturate before the 
stationary structure and reduces th 
hysteresis effects. 

In a standard series generator, the 
self-exciting winding is connected in 
series with the load and both the load 
and the series winding comprise a 
shunt circuit across the armature. The 
series field current is then directly pro- 


portional to the armature voltage in 
the same manner as obtained for a 
self-excited shunt wound machine. The 
Rototrol usually makes use of this 
series self-energized circuit, Fig. 1. 

The functions of the three Rototrol 
fields shown in this illustration are as 
follows: 


Fiecp SF. The self-energizing field. 
This field, connected in the armiature 
circuit supplies the ampere-turns neces- 
sary to produce the voltage output of 
the Rototrol. 


FrELD PF. The pattern field. This field 
is energized from a constant-voltage 
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Fig. 1—Circuit for the simplest form of Rototrol rotating regulator. Fig. 2—Circuit of simple counter EMF speed regulator. 
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source and serves to set the pattern 
for the regulated quantity. The value 
of the quantity, in this case the gen 
erator voltage, can be adjusted by 
means of a rheostat in the field cir- 
cuit. 


Fietp VF. The pilot field. This pro- 
vides the means for measuring the 
regulated quantity and comparing it 
with the pattern. 


Fig. 2 shows the voltage regulator 
as shown in Fig. 1 modified to be « 
counter EMF speed regulator. A cur- 
rent measuring field (IRF) is added to 
the circuit. The strength of this field 
is adjusted to compensate approxi- 
mately for the IR drop lost in the 
generator and motor armature 

Although Fig. 3(A) bears little re- 
semblance to the previous relatively 
simple circuit diagram of Fig. 2, if 
the components of this diagram be 
closely examined, the same basic cir- 
cuits will be apparent. It shows the 
bridge with the Rototrol connected 
into the circuit. The pattern fields are 
now self-energizing fields. 

Although the Rototrol has been ap- 
plied to machine tools most actively 
as a speed regulator, a special current 
limit type has been applied to dynetric 
balance machines. In these balancing 
machines, the current limit regulator 
effectively limits the accelerating and 
decelerating torque transmitted 
through a delicate coupling located be- 
tween the motor and the mass to be 
balanced to the maximum safe value 
which can be transmitted through the 
coupling without damage. 

The circuit used for the dynetric 
balancing machine is shown in Fig. 4. 
In operation the field rheostat on the 
motor and generator are usually preset 
for a motor speed depending on the 
object to be balanced. The switch is 
then operated to start the motor. In 
the first instant after closing the switch, 
the pattern field PF is excited cumu- 
latively. Next the current field CF be- 
comes excited cumulatively due to cur- 
rent starting to build up in the gen- 
erator-motor armature loop. In the 
meantime, the current in the slower 
generator field is increasing but due 
to the output of the current limit regu- 
lator opposing the separate excitation 
of the generator fields, the generator 
voltage is limited to a vatue determined 
by the pattern field, current field, and 
the differential voltage field of the 
regulator. As the drive motor accele- 
rates, the ampere-turn value of the 
differential voltage field gradually in- 
creases until it exactly cancels the pat- 
tern field ampere-turns. 
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Fig. 3—Bridge circuit speed regulator. The pattern fields are self-regulating. 
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Fig. 4—Curren, limiting, acceleration control circuit for dynetric balancing machine. 


On deceleration the switch is 
opened, the current in the generator- 
motor loop reverses, reversing the cur- 
rent field. The differential voltage field 
remains in the same direction. The 
combination of current field and volt- 
age field causes the regulator to sus- 
tain the field on the generator to re- 
generatively brake the load to a stop 
with a definite current limit. 

Although the Rototrol can be used 
for the regulation of voltage, current, 
speed, torque, tension and numerous 


other quantities which can be meas- 
ured electrically, the applications dis- 
cussed in this article represent only 
two of these many functions. 

Additional circuits were included in 
the full paper —— by the author, 
and detailed descriptions of the cir- 
cuits, plus some of their advantages 
and —— as well as some of 
their limitations were included. The 
reader also is referred to previously 
published data that godine Br Prop- 
uct ENGINEERING. 
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National Plastic Exposition Has Redesign Theme 


FEATURING THE MOST RECENT PROD- 
UTS, technical developments, and ap- 
plications in the ever-growing plastics 
field, the exhibits of more than 120 of 
the leading producers, manufacturers 
and users of plastics occupied over 
96,000 sq ft of Chicago's Navy Pier 
at the recent fourth National Plastics 
Exposition. 

There were three outstanding trends 
in evidence at the show. First, a heavy 
trend toward redesign. Redesigns for 
lower costs included revisions of exist- 
ing plastic parts as well as the substitu- 
tion of plastics for metals. The second 
trend was in the heavy application of 
‘new’ materials which are now on the 
market after extensive development. 
The third main trend was toward sec- 
ondary or by-product applications of 
plastics. 


Redesign 


A highlight of the ex 
talk given by Mr. O. E. Norberg of 
the Crosley Div., Avco Mfg. Corp. of 
Cincinnati, Ohio. Mr. Norberg spoke 
on “What Crosley Has Done With 
Plastics”, and illustrated his *'k with 
case examples drawn from the 68 dif- 
ferent plastic parts in the 1950 line of 
Crosley refrigerators. Crosley now uses 
a total of 24 Ib of plastic in each re- 
frigerator. These are some examples 
of the uses of plastics in the Crosley 
refrigerator: The phenolic plastic re- 
frigerator door liner weighs only six Ib, 
and saves two extra cu ft of space; 


sition was a 


THESE GASKETS AND “O” RINGS, made by the U. S. Gasket 
Co., are fabricated from “Kel-F”’, a fluorocarbon-type thermo- 
plastic that combines the resiliency of rubber with resistance to 
attack from aimost any known type of corrosive. 
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plastic shelves and injection molded 
shelf rails enhance the product ap 
pearance and have the same structural 
advantages as the riveted aluminum 
previously used; a nylon roller is in- 
corporated in the door latch; and a 
baffle assembly, previously made of 
plastic by compression molding is now 
injection molded at a cost saving of 
75 cents per - 
Another exhibitor, Durez Plastics & 
Chemicals, Inc., of North Tonawanda, 
N. Y., featured the redesign to phe- 
nolic plastics of such products as the 
Cory coffee brewer, the Burgess paint 
sprayer, industrial rayon gears, the 
Morton salt tablet dispenser, and a 
one hp — switch made by The 
Furnas Electric Co. of Batavia, Ill. 


New Plastic Materia's 


Among the many new materials an- 
nounced at the show was a new grou 
of molding and extrusion upiends 
called “Kralastic” made by the Nauga- 
tuck Chemical Division of United 
States Rubber Co. These new mate- 
rials are a mixture of styrene and sev- 
eral synthetic rubber components. 
These materials are dimensionally sta- 
ble, are rigid and tough, are easily 
formed, Po have good electrical prop- 
erties. They have been used for chem- 
ical pipe, cathode edge strips, cams, 
gears, cable floats, and for other prod- 
ucts that must be both hard and tough. 
Tensile strengths for the three grades 
range from 4,300 to 5,100 psi and 


hardnesses range from 87 to 103, 
Rockwell. The same compound pro- 
duced in sheet form is called “Roy 
alite” by another division of the U.S 
Rubber Co. 

Durez introduced a new phenolic 
resin compound, Durez 9841, and a 
new mineral-filled phenolic molding 
compound, Durez 14893. The first 
formulation is made specifically for 
use as an insulation coating for electri- 
cal parts. The latter, Durez 14893, is 
especially for molding around 
insets. It features excellent heat re- 
sistance, good finish, extremely fast 
cure, and a low specific gravity. 

The Bakelite Div. of Union Carbide 
and Carbon Corp. announced “‘Bake- 
lite C-22", a new class of fast curing 
general-purpose phenolics that are 
suitable for compression and plunger 
molding in itive Or semi-positive 
molds. The big factor here is the speed 
of cure, which is from 15 to 45 per- 
cent faster than the curing rates of 
standard “fast curing” phenolics. 

A silicone-glass molding compound 
displayed by the General Electric Com- 
pany’s Chemical Department created a 
great deal of interest. Outstanding 
heat resistance is the principal feature 
of this new material. It withstands con- 
tinuous operation at 392 F, G-E says. 
G-E 12810 also has high impact resist- 
ance and excellent arc resistance, as 
well as good flow in the mold. It will 
not support combustion and tests show 
it has no toxicity when burned. This 


ELECTRIC SANDER, displayed at the Exposition by the 
Celanese Corp. of America, features a “Lamarith XF” handle, 
which has high heat and flame resistance and the high finish 
and toughness needed for this particular application. 
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ONE STEP in the manufacture of seamless, one-piece boats made 
by the Beetle Boat Co., New Bedford, Mass. Boats were on 
display at the American Cyanamid booth. They are from 


“Laminac” Resin-Fiberglas. 


new compound is ideally suited for 
circuit breakers, switchgear and other 
parts where resistance to extreme heat 
and impact is necessary. 

Three new synthetic rubber-phe- 
nolic molding compounds recently de- 
veloped by the Chemical Department 
of the General Electric Co. were also 
displayed. The new compounds consist 
of an asbestos-filled, a cotton flock- 
filled, and a fabric-filled compound. 
Each of these compounds has unusual 
shock, vibration, and fatigue re- 
sistance, plus the characteristics of the 
filler material. The internal resiliency 
of these new compounds is derived 
from their synthetic rubber component 
(Hycar), a product of B. F. Good- 
rich Chemical Company 

The Celanese Corp. of America dis- 
played their main cellulosics in the 
form of toys, household appliances, 
and decorative items. They also fea- 
tured an insulation material made of 
multiple laminations of cellulose ace- 
tate foil. Called Isoflex, the material 
is new to the U. S.—it has been used 
before in Europe. The Isoflex Corp. of 
San Francisco, Calif., will manufacture 
the material. A new plastic laminated 
tubing, in which glass cloth, mat, or 
tape is molded together with poly- 
ester resins, was the outstanding fea- 
ture of the U. S. Plywood Corp. dis- 
play. The new piping has high corro- 
sion, chemical, and heat resistance. 

Many of the industrial applications 
of “Kel-F”, a fluorocarbon-type ther- 
moplastic, were displayed by the M. 
W. Kellogg Co., Jersey City, N. J. 
The material's principal use is for 
hose sealing rings, and pump packing. 
Rohm & Haas exhibited several new 
products made of modified styrene 
Products low pressure molded from 
“Laminac”, a thermosetting polyester 
resin, and glass fibers, were given con- 
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TYPICAL PRODUCTS OF “KRALASTIC”; a new moldi 
extrusion compound made by the Naugatuck Chemical Div. of 
U. S. Rubber Co. Parts include wire spools, cams, pipe fittings, 


cay 
Re oa 


and 


textile bobbins and cathode strips. 


siderable space in the American 
Cyanamid Company's exhibit. 

A new thermoplastic structural ma- 
terial, polystyrene latex loaded glass 
mat, was featured in the Monsanto 
booth. The material is a combination 
of chopped strand glass mat, (which is 
a product of the Owens-Corning Fi- 
berglas Corp.), and “Lustrex”, a 
perenne latex. The material should 

molded in a compression machine 
on a short press-time cycle. A new 
vinyl product, ‘“Marvinol VR-20"’, at- 
tracted a great deal of interest. It is 

roduced by the Naugatuck Chemical 

iv. of the U. S. Rubber Co., and is 
especially useful for covering electri- 
cal wire and cable 


Secondary Applications 


The exhibit of the Plaskon Div., 
Libby-Owens-Ford Glass Co., gave a 
good example of a new material that 
influenced redesign of auxiliary pro- 
duction equipment. Plaskon had previ- 
ously developed a fast curing alkyd 
resin with excellent electrical applica- 
tions—however, existing equipment 
was not set up to handle this new ma- 
terial. This year, the Plaskon booth 
had three different presses, made by 
three different companies, to handle 


the new material. The companies 
were: Elmes Engineering Div. of 
American Steel Foundries; The Deni- 
son Engineering Co., and Baker Bros., 
Inc. 

A good example of the secondary 
or by-product application of plastics 
was introduced at the Bakelite exhibit. 
A new foundry process, known as the 
Croning process, employs a resin- 
binder developed by the Bakelite Div., 
Union Carbide and Carbon Corp., for 
producing cores and molds from sand 
Although resins have been used for 
many years in sand core bonding, the 
new method is a radical departure in 
that it does not require long baking 
and curing and uses relatively small 
volumes of sand, The process, con- 
trolled by Crown Casting Associated, 
of Boston, Mass., produces castings 
that come out of the mold with clean 
sharp edges, true dimensions and un- 
chilled surfaces that require little or 
no finishing such as sand blasting or 
“chain: It is said that the 
quality and precision of the castings 
produced by the Croning process 
are increased to the point where 
tolerances from 0.002 to 0.003 in. 
per in. can be made standard foundry 
practice. 





Manufacturers Adopt Simplified Convector Standards 


MORE THAN 300 MANUFACTURERS 
AND DISTRIBUTORS have now accepted 
the Bureau of Standards-sponsored sim- 
ws practical recommendations for 
eating convectors, the government 
agency reported last month. 

Designated as Simplified Practice 
Recommendation R238-50, the volur- 
tary agreements went into effect Janu- 
ary 1 of this year. 


The Recommendation establishes a 
simplified list of four types of con- 
vectors in a number of sizes in each 
of two categories. The Bureau of 
Standards reports that the list repre- 
sents a substantial reduction in the 
number of combinations manufac- 
tured. Adherence to this simplified 
list should enable producers, distribu- 
tors and users to enjoy the same bene- 
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fits which other industries have ex- 
perienced from the application of 
simplified practice to their products. 
Formerly, one manufacturer could pos- 
sibly make over a million combina- 
tions of convector styles. 


Now They’ve Done It— 
Jet Propelled 
Top Sergeants 


CALLED THE “Top SERGEANT”, a new 
pulsejet helicopter is now undergoing 
tests at Manhattan Beach, California. 
The new ship, which was designed 
and built by the American Helicopter 
Company under an Air Force devel- 
opment contract, uses small jet engines 
on the tips of its rotor blades. 

After surveying the results of a 
year’s preliminary development work 
A-H Co.'s president, Corwin D. 
Denney, announced that the payload 
of a pulsejet helicopter should be 
double that of a piston-engined heli- 
copter of the same gross weight. 
Lower cost features and structural 
simplicity are further advantages. The 
company estimates production costs of 
about one-fourth that of the lowest- 
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priced commercial helicopter. Main- 
tenance and overhaul costs should also 
be much lower than usual. The use 
of low grades of kerosene or jet fuel 
by the pulsejet should lower fire risks 
and operating costs materially. 

The two jet engines situated on 
the rotor tips weigh less than 50 lbs, 
or less than 25 lbs _ engine. They 
replace conventional reciprocating en- 
gines weighing 300 lbs. The only 
engine system accessories are an elec- 
trically driven fuel pump, throttle, 
master shutoff valves, fuel flow gage, 
and a rotary fuel line transfer seal. 
Two rotor mounting bearings are the 
only highly loaded moving parts in the 
helicopter’s structure. 

The company does not plan to in- 
crease the size or thrust of their basic 
pulsejet engine. When heavier ships 
are built several standard jet engines 
can be added to each rotor to build up 
the required thrust. Early engine de- 
signs which failed under whirl loads 
of up to 200-G have been corrected and 
now show no structural weakness 
Pulsejet engine valve blocks, the only 
moving engine component, which once 
had a relatively short life expectancy 
now are performing for hours and im- 
proved designs now under test should 





SMALL JET ENGINES on the tips of the rotor blades drive the new “Top Sergeant” 


helicopter on its test flight at Manhattan Beach, California. 


Tests indicate that the 


experimental aircraft will life a greater payload than conventional 'Copters. 
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ALAN THOMPSON, production superin- 
tendent of American Helicopter Co. holds 
the entire power plant of the “Top 
Sergeant” in his hands. The conventional 
helicopter engine in the foreground 
weighs 300 Ibs. The two jet engines that 
furnish the full power for the new ship 
weigh less than 25 Ibs apiece. 


have a life of 30 hours or more. Ke- 
placement of a worn valve block can 
be done in the field in 5 minutes and 
is the only major overhaul required 
for a pulsejet. A new engine con- 
figuration just recently evolved should 
substantially reduce the drag of pulse- 
jets mounted at rotor tips. 


University of Illinois 
Dedicates New ME 
Building 


THE DEPARTMENT OF MECHANICAL 
ENGINEERING of the University of 
Illinois announces the dedication of a 
new Mechanical Engineering building 
on May 12 and 13 at Urbana, Ill. The 
dedication will be heid concurrently 
with the Mid-Western Conference on 
Fluid Dynamics, and the meeting of 
the fluid dynamics Div. of the Ameri- 
can Physical Society. 

The program will include addresses 
under the following subject headings: 
Aerodynamics—External Flow; Me- 
chanical Engineering—Internal Flow; 
Hypersonic and Low-Density Flow 
Techniques; Turbulence and Aero- 
Physics; Astro-Physics, Computing 
Machines, and Meteorology; and Hy- 
draulics and Continuation of External 
and Internal Flow. The program will 
conclude with a discussion of future 
programs. 
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Washington Notes 


Wanted: A Cheap Death Ray 


The National Inventors Council 
in Washington has put out a call 
for a death cay, new communication 
inventions, new dry and wet cell bat- 
teries and 27 other badly needed in- 
ventions. The Council warns that.a 
good death ray shouldn't use much 
power, and must be effective at 500 
yards. The death ray is the only 
futuristic item in the list. Other items 
wanted are more commonplace, al- 
though at first glance they present 
problems that seem insolvable. 

The NIC was originally created in 
August 1940 by the Secretary of Com- 
merce with the concurrence of the 
President. During the war years the 
Council screened over 200,000 inven- 
tions for the armed forces. Many of 
them played an important part in the 
war—the magnetic mine detector, for 
example. Since then the Council has 
continued to function in the Depart- 
ment of Commerce with an OK from 
the Defense Department. 

A list of needed inventions has been 
issued annually since the war. In the 
latest edition nine of 27 problems 
listed have a bearing on construction 
in the Arctic zone and operations of 
equipment in cold weather. Here are 
a few of the inventions needed: The 
military services want a “revolutionary 
new method of transmitting intelli- 
gence.” Present systems in general 
depend on electrical impulses, electro- 
magnetic waves, sound waves, etc. A 
system utilizing completely new con- 
cepts is desired, says the NIC. It 
would be used to replace or augment 
present systems. Also wanted is equip- 
ment capable of translating ordinary 
speech into the written word. The aim 
is to speed up communication. The 
equipment wanted must be of size 
suitable for general use. 

The list includes one “atomic war” 
item. The Army wants a ‘convenient 
pocket size radiation indicating and 
measuring instrument.” This should 
be of such size and cost that every 
soldier potentially subject to radiation 
exposure could be equipped with one 

The Army also wants someone to 
develop a portable steam generaior 
with adequate nozzles for both jetting 
and thawing under Arctic conditions. 
These nozzles must be capable of jet- 
ting holes for anchors, deadmen, piles, 
foundations and artillery emplace- 
ments. Nozzles are required for the 
large-scale thawing of ground so that 
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The Hot Air Engine—An Old Idea Pays Off 


AN “EXTERNAL” COMBUSTION EN- 
GINE is now performing a life test at 
the U. S. Naval Engineering Experi- 
ment Station at Annapolis, Md. It 
differs from the usua! engine in that 
all combustion takes place outside of 
the cylinder. 

The main advantage of the “hot 
air” engine is in its extreme quietness. 
Another advantage is the ability to 
burn coal, wood, or any other avail- 
able fuel, and to start and run under 
extremely cold conditions. To offset 
these advantages is a high weight to 
power ratio and the fact that it takes 
several minutes after lighting the fire 
before starting the engine 

The Stirling, or “hot air” cycle was 
first developed about 1816 by a Scot 
tish clergyman and engines employing 
this cycle were widely used during the 


19th century. When more efficient 
cycles were developed at the end of 
the 19th century interest in the Stir- 
ling cycle waned and the hot air en- 
gine was almost forgotten. Then, in 
1937 the Phili>s Company of Eind- 
hoven, Holland became interested and 
began to apply modern design know!l- 
edge and materials. Although they 
still don’t have all the problems licked, 
especially the weight vs power ratio, 
the company has built workable en- 
gines in sizes up to 50 hp. 

In 1946 work was started in the 
United States under a Navy contract 
The engine in the illustration is the 
result of this development. It will 
not only permit further study of the 
Stirling cycle, but also has possible 
use as a portable generator set for 
wartime front line radio work 





bulldozers, graders, or shovels can be 
used in building arifields. 

The services also want to get small 
lightweight equipment suitable for 
heating dry batteries so that full out- 
put can be obtained in regions where 
temperature drops to —65 F. Investiga- 
tions and experiments have been con- 
ducted using heat tablets, Sterno-type 
heaters, oxidation of thermophoric ma- 


terials, activated charcoal blocks, and 
chemical heaters. None of these, to 
date, has resulted in a practical battery 
heating device suitable for use in 
Arctic regions. 

The ordinary wet battery is also 
giving trouble. The Army wants to 
find a way of converting automotive- 
type (lead-acid) storage batteries for 
use at temperatures in the —65 to 

















New Transmission Line Rivals Coaxial Cable 


THE “G-STRING” TRANSMISSION LINE, 
a simple wire with special insulation 
and funnel-shaped terminals, may re- 
place the coaxial cable for many ap- 
plications. Dr. George Goubau, of the 
Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J. invented the 
new transmission device. Here he is 
shown at one end of his experimental 
line in the Sigual Corp Engineering 
Laboratory 

The line, which is simple, highly 
efficient, and costs little to manufac- 
ture, promises to open up wholly new 
possibilities in microwaves and home 
television. The Signal Corps, which 
calls the device a “G-string” after the 


inventor's initials, expects it to bring 
important improvements to radar 
operation. It also may replace coaxial 
cable, which is both intricate and ex- 
pensive for many applications. 

The G-string also may make practi- 
cal the development of a videophone, 
by which a telephone subscriber could 
go to his local exchange, pick up an 
instrument, and talk to a friend across 
the continent—and both parties see 
each other. The new Signal Corps line 
could carry a hundred such videophone 
conversations simultaneously on a 
single wire, compared with the ability 
of today’s single coaxial cable to carry 
only one. 





—170 F region. The method must be 
simple and oe ory and capable of 
being accomplished by comparatively 
unskilled personnel. Either a new type 
of electrolyte or an additive to present 
electrolyte is wanted. The additive 
would have to have low viscosity at 
extreme low temperatures. 

Interested persons can get a full list 
of wanted inventions from the council. 
Department of Commerce technicians 
state that no special forms are required 
for submitting proposals to the Na- 
tional Inventors Council. Address the 
council at the Department of Com- 
merce, 14th St. between Constitution 
Ave. and E St., Washington 25, D. C. 
Each proposal should be submitted as 
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a separate document, preferably type- 
ete 


written. It should contain comp 
information on the principles underly- 
ing the operation of the apparatus or 
invention together with a discussion 
of any tests which have been con- 
ducted. The particular points of 
novelty or superiority of the apparatus 
as compared with existing devices or 
practices should be stressed. 


Fire Retardant Paints 
To be Tested 


The National Bureau of Standards 
is planning a project to develop a com- 
prehensive battery of tests to establish 
the limits of effectiveness of paints 


BE W SS % 2 + 
advertised or commonly accepted as 
“fire retardant.” 
Nolan D. Mitchel of the Bureau of 
Standards recently said that although 
some tests of retardant paints have 
been made for a few Federal agencies, 
no comprehensive test has been estab 
lished. He suggested reducing. the 
coated combustible to a ‘slow 
burning” category. Because people 
want a paint that will not burn, they 
extend the meaning of the term “‘fire- 
resistant” to mean “‘fire-proof.” 
Unfortunately, there is no fireproof 
paint. Under sustained, severe fire ex- 
posure there are no impregnation 
treatments or paint coatings that will 
give complete protection. But, a fire- 
retardant paint will control the spread 
of fire. The paints are not permanent, 
but will last Fe several years. 
Fire-retardant chemicais mixed with 
ordinary paint for outside use haven't 
proved practical as yet. Neither oil- 
or water-base paints mixed with pro- 
tective chemicals have the durability 
to withstand the elements for any 
length of time. Mr. Mitchel said that 
the Bureau of Standards is particularly 
desirous of setting up a testing project. 
The object would be to develop a 
thorough test for all surface finishes to 
enable classifying these materials in 
accordance with fire resistance, flame 
spread and combustibility. Protection 
afforded the backing material, amoun 
and quality of smoke, and the toxicity 
of gases generated, would also be part 
of the resulting classification. 


One-Armed Robots Are to be 
Used in Radioactive Areas 


A one-armed robot on wheels, ca- 
pable of closing doors, turning valves, 
taking — and reassembling com- 
plex machinery, in fact performing al- 
most every task the human hand can 
perform has been developed for use 
in radioactive areas. Known as a “tool 
dolly”, the device was designed by 
General Electric engineers for use on 
projects which the company is con- 
ducting for the Atomic Energy Com- 
mission. It is rolled into radioactive 
areas where men cannot go and oper- 
ated by remote control from a shielded 
adjacent room. It moves under its own 
power along narrow gauge railroad 
tracks. Both power and control are 
supplied through 6 cables which lead 
to the power source, General Electric 
engineers explained. 

Weighing approximately 5 tons, the 
dolly resembles a railroad hand car 
with a small calibre deck gun mounted 
on it which is a telescoping arm with 
double clamps similar to artificial 
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hands used by amputees. The arm can 
be extended or shortened, raised or 
lowered, by remote control. The hand 
is capable of wrist bending motion, 
rotating and gripping. Six small elec- 
tric motors are in the arm and hand 
and 24 in the entire unit. 

The doily is also equipped with a 
hydraulically-driven ram, electrically 
controlled, capable of delivering a 4- 
ton push; rotating devices for opening 
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and closing valves and taking apart or 
reassembling specific types of ma- 
chinery. 

General Electric engineers say that 
a man can be trained to operate the 
dolly in a week. The controls are 
mounted in two boxes about the size 
of small suitcases. There are 23 
switches, nine for controlling the hand 
and arm. Six cables to connect the 
controls to the dolly. 





Second Product Design 
Seminar Planned for June 


THE SUCCESS OF THE FIRST PRODUCT 
DESIGN SEMINAR, held at Lehigh Uni- 
versity last summer, has led to the 
planning of a second seminar which 
will run from June 26 to July 21 of 
this year. Just as last year, the meet- 
ing will be sponsored by Lehigh Uni- 
versity and the Society of Industrial 
Designers. 

The 1950 session will follow the 
same basic pattern of the first seminar, 
but will run for six weeks rather than 
four. Under this lengthened schedule 
companies will be better able to send 
key personnel as delegates. 

The idea for such a seminar started 
several years ago when Mr. Einar M. 
Ramberg of the Department of In- 
dustrial Engineering at Lehigh realized 
the need for better understanding be- 
tween the product design engineer and 
the industrial designer. After inter- 
esting the authorities at Lehigh Uni- 
versity in -this idea, Ramberg ap- 
proached the Society of Industrial De- 
signers. The Society accepted the in- 
vitation to work out plans for the pro- 
posed seminar and 2 we Raymond 
Spilman, New York industrial de- 
signer and member of the Society's 
Committee on Education, to work with 
Mr. Ramberg on the development of 
a program for the first seminar. 

Acting as co-directors, Ramberg and 
Spilman drew up the following state- 
ment of objectives: 

1. To analyze the economic, com- 
petitive, and social status of industrial 
design in American industry. 

2. To demonstrate through actual 
examples the procedure followed in 
successful design projects, and the 
form of organization required. 

3. To analyze the factors which must 
be considered in the solution of de- 
sign problems — consumer research, 
esthetics, production techniques, and 
availability of materials. 

Although the profession of indus- 
trial design was thus a key concept in 
the plan of the Seminar, it was treated, 
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quite properly, as an orienting factor 
in the analysis of production problems, 
rather than as the subject for study 
itself. The purpose of the Seminar was 
not to train industrial designers, or 
even to offer a refresher course. The 
program was geared to the needs of 
engineers and others who deal with 
industrial designers, and who need in 
their daily work to understand the 
profession and the kinds of service it 
renders. To develop this understand- 
ing the schedule included talks by 
many of the best-known designers, in 
which each explained the solution to 
problems with which he had been 
identified. Besides the lectures and 
talks by industrial designers, represen- 
tatives of industrial firms gave talks on 
various problems likely to arise in 
mass production industries. Each of 
the fundamental manufacturing mate- 
rials was discussed. 

Pg my are now being ac- 
cepted for attendance at the second 
annual seminar. Companies wishing 
to send delegates are urged to contact 
Mr. E. M. Ramberg at Lehigh Uni- 
versity at once. Delegates will be 
limited in numbers. Application blanks 
are now available. 


Watch the June Issue 


READERS remembering the special, 
June 1949 issue on “Designing for 
Lower Costs,” will be anxious to see 
this year’s June issue. Next month's 
special issue will again carry cost re- 
uction data in a special “Designing 
With Dollars” section. Instead of case 
examples, the editors have dug deeply 
into the basic factors affecting the de- 
sign of a low cost, quality product. 
The special section will include fun- 
damental articles in addition to about 
50 pages of “Dollar Saving Tipsheets”’. 
All told, there will be 64 pages of 
cost reduction design data to help 
you design your quality product with 
the right material, and with the right 
method. Watch for it—in June 1950 
Propuct ENGINEERING. 
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News Briefs 


W 


SAN FRANCISCO'S BAY AREA has been 

icked as the location of the Atomic 

awed Commission's newest classified 

project. The AEC project will cost 

about $7,000,000 and will involve the 

construction of a particle accelerator. 
» 


COMBAT AIRCRAFT are expected to re- 
main subsonic for many years, accord- 
ing to Carl C. Sorgen, of the Bureau of 
Aeronautics, Department of the Navy. 
Mr. Sorgen, in a speech to the ASME, 
said the brute force required for pro- 
pulsion beyond the sonic barrier made 
aircraft “tremendously expensive.” 
” 


THe National Science Founpa- 
TION BILL received a set-back when 
the Senate disagreed with the House 
version of the bill. The five senators 
appointed to a conference committee 
on the bill are known to be against the 
drastic loyalty provisions of the 
measure. 
> 

A NEW FRENCH STEEL FORMING PROC- 
ESS soon to be introduced in the U. S. 
uses a modified form of hydraulic 
— and permits continuous hot- 
orming of shapes that cannot be made 


in a mills because of their com- 
| 


plex profiles. The process also permits 
shaping of certain tough alloy steels 
not previously subject to rolling. 

* 


THe Atomic ENERGY COMMISSION 
recently has made available to Ameti- 
can industry 67 patents acquired by 
the Commission in its atomic work 
These patents, owned by the U. S 
government, will be licensed on a non- 
exclusive, royalty-free basis. 

REVISION of all the common thermo- 
couple tables is being undertaken bx 
National Bureau of Standards, Wash 
ington, D. C., to take into account the 
recent changes in electrical units and 
in the international temperature scale 

* 


A NEW TITANIUM ALLOY is slated for 
use in Navy jet engines. Compressor 
turbine blades, tailpipe shrouds, en- 
gine firewalls and the engine itself 
are spots where the new alloy will 
replace steel. 
- 

THE GREATEST CONCENTRATION OF 
ENERGY ever produced by man against 
a single particle of matter has been 
unleashed at Nevis, Irvington-on- 
Hudson, site of Columbia University’s 
new nuclear physics rcsearch center 
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in Canada: Fibergias Canada, Ltd., Torento * 
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pow conwine SILICONE insuranion 


SAVES OVER $8,000 A YEAR ON 4 MOTORS 


mentees ae 


IT PAYS TO CALCULATE THE 
COST OF MOTOR FAILURE 


Taxe, for example, this bank of 4 
machines. They’re set up to bore and 
face check valve seats for hydraulic 
tappet lifters, one of the many auto- 
motive parts made in the Saginaw 
Plant of Eaton Manufacturing Com- 
pany. It takes less than 30 seconds to 
perform 5 operations. After each 
cycle or about 105 times an hour, the 
5 hp. 3600 r.p.m. motors used to 
drive '“ese machines are stopped by 
applying direct current to the wind- 
ings. That steps up production, but it 
raises hob with ordinary motors. 

In this service, Class A insulated 
motors lasted from 2 days to 2 weeks 
or an average of about 8 days. That 
amounts to something like 32 failures 
per year per motor. Each failure cost 
at least 3 hours of down time plus 
$80.00 for rewinding with Class A 
materials. At this rate, it would have 
cost the Saginaw Plant $10,000 a year 
to keep the four machines operating! 

About a year ago, these motors 
were rewound with Dow Corning Sili- 
cone (Class H) Insulation at a cost 
of about $150.00 each. Minimum life 
for Class H motors in this service is 


Photo courtesy Seginaw Plant Eaton Mfg. Company 


6 months. Maintenance costs that 
would have totalled $10,000 a year 
have been cut to $1,200. That's a net 
saving of more than $8,000 plus a 
good 400 man hours of labor and a 
bonus of some 40,000 parts that would 
have been lost because of down time. 

Industry needs the kind of help 
you can give by using Dow Corning 
Silicone (Class H) Insulation to cut 
maintenance costs, to increase pro- 
ductivity or to reduce the size and 
weight of motors, generators, trans- 
formers and solenoids by 56 to 100%. 
For more information on Silicone !n- 
sulation, call our nearest branch office 
or write for data sheet Q-16. 


Dow Corning Svicones Mean Business { 


ATLANTA © CHICAGO © CLEVELAND © DALLAS * LOS ANGELES * NEW YORK 


In Great 


Britain: 


@ SILASTIC* 
SAVES 93% OF THE FLIGHT 
DELAYS CAUSED BY PUSH- 
ROD PACKING LEAKAGE. 


Pushrod housing seals fabricated of 
Silastic by the Arrowhead Rubber 
Company of Downey, California, re- 
main soft and pliable after 1100 engine 
hours in contact with hot oil at oper- 
ating temperatures in the range of 
450°F. That kind of performance has 
almost eliminated flight delays due to 
pushrod packing leakage. Use of these 
Silastic seals also cuts maintenance 
costs and minimizes the hazard of oil 
rocker box cover 


leakage. ’ iT; 
gaskets of Silastic . 


are also gaining general acceptance in 
the air transport industry. Tests in 
service indicate that these | Silastic 
gaskets are easier to install and that 
they have supcrior resistance to com- 
pression, hot oil and high operating 
temperatures. 

That kind of performance is char- 
acteristic of the many Silastic seals 
used in aircraft, automobile and diesel 
electric engines. New Silastic stocks in- 
troduced during the past year have 
multiplied the usefulness of silicone 
rubber as an extreme temperature ma- 
terial for gasketing and sealing and for 
insulating wire, cable and electrical 
equipment. Notable improvements in 
physical properties and fabrication 
technics have greatly increased the 
usefulness of mechanical goods 
molded of Silastic. For more informa- 
tion call our nearest branch office or 
write for data sheet Q-16A. 

*T.M. Reg. U.S. Pat. Off. 
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Albright and Wilson, Ltd., London 
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ey appliances was an old story ynusual die casting 


to a well-known manufacturer but ment come UP, e 
Auto-Lite Die Castin 


was an improved castin 
in money, 100. 


he knew the reputation of the avtomo- 
tive industry for getting quality products 
at low cost. He any firm , ; , 
: die casting requirement 
with the know-how * car- : : : at 
oe ‘ ice is problem, 
making industry might or if yo ed the help of Auto-Lite’s 
him ways to im i famous design and engineering experts, 
money doing i write to 
THE ELECTRIC auto-tite COMPANY 
Die Casting Division 
Woodstock, Winois . ° . Lockland, Ohio 
600 So. Michigan Ave., Chicago 5, Winois 723 New Center Bidg.-, Detroit 2, Michigan 


die castings 
WEASITOS 
Wile and Cable. 
industrial 
thermometers 


P " at — 2 , 
E 
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No matter what structural materials are used, 
your products or equipment will last no longer 
than the fasteners that hold them together. 

This is why many fabricators and contractors 
rely on fasteners made of Armco Stainless Steel 
bars and wire. 

Stainless fasteners offer these advantages: 

1. Top corrosion resistance for long trouble- 
free service life. 

2. Threads of this hard, solid metal stand up 
under driving and repeated use. 

3. Costly repairs encountered when ordinary 
fasteners fail due to severe rusting or heat 
oxidation are eliminated with stainless. 

. No discoloration of adjacent materials. 

. In some cases stainless fasteners are com- 
petitive in price with fasteners made of 
plated metals. 

THEY FABRICATE READILY 


Manufacturers of bolts, nuts, screws, nails, rivets 
and washers find that Armco Stainless Steel bars 
and wire are well suited to “upsetting” and ma- 
chining. 

If you want fasteners that /ast, consider stain- 
less steel. No other metal can give you the 
combination of high corrosion re- 
sistance, strength, durability and 


attractive appearance that stainless 
steel offers. 


Write for more information. 


(——) 
RMC 
NW ji 


ARMCO STEEL CORPORATION 


4530 Curtis Street, Middletown, Ohio © Plants and Sales Offices 
from Coast to Coast ® The Armco Inter 





| Corporation, World-Wide 
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DESIGN DETAILS 


AND DATA 


ON 


NEW COMPONENT S— 





Electric Timing Device 
Has Accuracy of Watch, 
Runs on Flashlight Battery 


Developed originally as a clock movement, this timing 
device also has a definite usage as a precision timer in the 
industrial field. It is small, accurate, and completely self 
contained. All power is drawn from a single, flashlight 
type, dry cell battery. This battery will last a full year 
under continuous use. Accuracy of timing does not depend 
on the age or amount of charge of the battery. The battery 
supplies an infinitesimal current intermittently, the hair- 
spring and escapement provide the accurate timing. The 
balance has four ruby jewels and a rust-proof hair spring. 
The timer can be re,sulatcd from outside the case by a fine 
micro-metric hair spring adjustment. 

El Products Corp., 501 Madison Ave., 
New York 22, N. Y. 


% 


hg es 


WHEN CONTACT SPRING MAKES CONTACT the coil is 
energized and attracts the soft iron counterweight. This mag- 
netic attraction lasts for only a fractional part of the swing, 
most of the motion being due to the inertia of balance wheel and 
iron mass. The hairspring is compressed during the balance 
swing and causes a return swing. On the return swing, the con- 
tact spring slides over the contact shoe, and there is no electrical 
contact to energize the coil and retard the return swing. 





THE ELIX-365 TIMING DEVICE has the sensitivity and accur- 
acy of a watch or fine clock, yet runs for entire year on one 
flashlight battery and withstands the rough treatment inherent 
in industrial applications. The unit measures 2} by 14 by 14 in., 
and normally comes with a clear plastic cover. Power output is 
in two speeds, like the hands of a clock. 


A SINGLE DRY CELL BATTERY fits into the clip with the 
contact post of the battery covered by the contact cap of the 
timing assembly. The soft iron weight is magnetically attracted 
when the coil is intermittently energized by a leaf-type contact 
spring. The balance assembly makes a complete outward and 
return swing every } sec., with the spring making a contact dur- 
ing only 1/13 of that time. The movement can be grounded out 
for momentary stops, on special applications. 
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MATERIALS 


SPECIFIED BY PRODUCT 


AND PARTS 


ENGINEERS 





Small Variable Delivery Hydraulic Pump Has 


Pulsation-Free Delivery at High Pressure 


20 bp pump delivers up to 6 gpm at 5,000 psi un- 
der constant-duty, manual control conditions. 


Made for convenient control of machine operation with- 
out variation in the motor speed, this unit is a smaller 
model of an already existing line. The new pump is called 
the “Superdraulic Junior”, and is a variable delivery model. 
A similar model, with constant delivery, is also available. 

This variable delivery model comes in two types. T 
CAA is flange mounted, and model CBA is base mounted. 
Both types require an input of 14 hp at 1,200 rpm to 
delivery 4 gpm, and an input of 20 hp at 1,800 rpm to 
deliver 6 gpm. These figures are for operation at 5,000 psi, 
under manual control. 

The “Junior” is a radial type plunger pump arranged 
so that centrifugal force maintains the plunger rollers 
in contact with an elliptical reaction ring. The plungers 
are fitted to cylinders in a rotor having two banks of eleven 
plungers each. The rotor rotates on a fixed pintle which 
has ducts and ports for directing the oil inlet into those 
cylinders passing through two opposite quadrants, and also 
for directing the oil delivery out of those cylinders passing 
through the other two opposite quadrants. 

The plunger rollers of each bank roll against a separate 
elliptical reaction ring. These reaction rings are geared 
together and can be rotated in the pump housing by the 
volume control gear. 


Superdraulic Corp., 14256 Wyoming Ave., Detroit 4, Mich 


EXPLODED VIEW shows assembly of radial type plunger 
pump. In operation, small plungers are fitted into double row 


of cylinders in rotor. 


CALLED THE “JUNIOR SUPERDRAULIC”, this variable con- 
trol pump is made for convenient control of machine operations 
without variation in motor speed. Volume control is on top. 


The plunger rollers of each bank roll 
against a separate elliptical reaction ring, geared to control. 
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NEW 


COMPONENTS—MATERIALS 


AND PARTS continued 





Coupling Cuts Torque Impact, Damps Vibration 


This manufacturer's standard cushion coupling has been 
redesigned after ten years’ service. Improvement in rubber 
composition and bonding have increased the torque capacity 
20 percent above previously published values while the 
hubs and adaptors plates have redesigned to facilitate 
disconnection and removal of the entire gland assembly. 
Redesigned components are entirely interchangeable with 
the equivalent components of all of the manufacturer's 
standard cushion couplings now in use and stand. | parts 
may be combined to allow six different mounting arrange- 


factors can be controlled and are available for torsional 
analysis in applications requiring vibration control 

This coupling is designed primarily for engine drives 
and for applications involving extremely severe torque 
fluctuations. Hysteresis in the rubber gland is utilized to 
damp vibration. No lubrication is necessary and backlash is 
decreased. It may be noted that electrical insulation is also 
provided between driving anc driven machinery. The 
coupling can be furnished permanently filled with glycerin, 
or a removable cap can be supplied where air inflation is 





ments, including flange mounting on a flywheel. Stiffness 


desired 


The Falk Corp, Milwaukee 8, Wis. 





Flow Changes Trip Switch to Regulate Water Circuit 


A new control device which re- 
sponds to a flow of cold water to open 
or close an electrical contact has been 
announced. Called a “flow interlock”, 
the device measures approximately 24 
by 3 by 7 in. In operation it closes a 
contact when a flow of water exceeds 
a preset amount and opens it when 
the flow falls below the preset amount. 
Working under this principle, the 
device actually acts as a fuse in a cir- 
cuits which depends upon water cool 
ing tor protection. 

Adjustment can be made to control 
the circuit for any flow from one to 
four gal per min. The flow differential 
between the cut-in and the cut-out of 
the electrical contact is 0.2 gal mini- 
mum and 0.4 gal maximum. The in- 


terlock does not control the amount 
of water flow, but this can be accom- 
plished by installing a throttling or 
regulating valve ahead of the device 

The interlock mechanism is available 
complete with union fitting and 
strainer attachment. The strainer keeps 
foreign matter out of the housing, 
while the union fitting enables installa- 
tion into a line and facilitates its re 
moval for repairs or for strainer clean- 
ing purposes. 

Designed to operate for the amount 
of flow independent of pressure, the 
interlock is intended only for cold- 
water applications. For use with other 
fluids it is recommended that the 
manufacturer be contacted. 

Electrical rating of the device is 10 


amps at 125 v, 5 amps at 250 v, and 
3 amps at 460 v, all ac. The flow inter- 
luck will withstand line pressure of 
125 psi, maximum. Pressure drop 
characteristics of the unit have been 
tabulated up to 10 gal. per min. In 
this range the drop is linear. The new 
control device is of all bronze con- 
struction and is supplied for standard 
4 in. fittings. 

A special form of the unit is con- 
structed for use with hot water, as well 
as a type furnished without strainer or 
union fitting. The manufacturer will 
supply information as te application 
on down-stream lines or for operation 
outside the one to four gallon range. 


General Electric Co., Schenectady 5, N. Y 


CONTINUED ON PAGE 168 
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Just One Catalog...CRANE 
Gives All the Piping Specs 





To take a case in point: suppose you're designing the .-eam 
Generator, shown here. What's the quickest way to find all 
the valves, fittings, pipe and accessories you need? Turn to 
your Crane Catalog. It contains the world’s most complete 
selection of quality piping equipment . . . helps cut specifying 
time to the minimum. 

To rely on Crane simplifies all piping procedures. Order- 
ing and storekeeping, for example, are greatly simplified 
when you can get everything in piping from a single source. 
Shop assembly goes smoother, too. 

Most important to you, of course, is the added value your 
product acquires when all flow control equipment is Crane. 
Your customers know from experience that Crane Quality 
stands for the best in piping materials. 

CRANE CO., 836 S. Michigan Ave., Chicago 5, Ill. 
Branches and Wholesalers Serving All Industrial Areas 


e FOR BETTER SELECTION EVERY TIME 
--- LOOK TO THE COMPLETE CRANE LINE 


UNIONS 


FOR THROTTUNG and other severe serv- 
ices such as blow-off, boiler feed, crip 
and drain lines, Crane recommends Neo. 
164P 150-Pound Brass Angle Valves. 
Crane alloy plug type disc and seat per- 
mit close regulation of flow; offer higher 
resistance to wire-drawing, corrosion, 
PRESSURE 2 : erosion, galling and scoring. Union or 
REGULATOR $ | = } : bolted bonnet, depending on size. Work- 
i 4 , EET 2 ing pressures: 150 pounds saturated 
| VALVES “* " anf steam; 300 pounds cold water, oil, gas. 
Z a Sizes: “% te 3-inch. See your Ne. 49 
Crane Catalog. 


RE Lier bee “ames teow Works Ocoee, N.Y 


Titel 
FITTINGS | SE STRAINERS 


SCREWED a” yt : : 
FITTINGS mds 
— a id VALVES 


EVERYTHING FOR 
EVERY PIPING SYSTEM 


VALVES « FITTINGS « PIPE « PLUMBING AND HEATING 
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NEW 


COMPONENTS—MATERIALS 


AND 


PARTS 





Flairless Fitting Cuts 


This new flairless tube fitting is de- 
signed to eliminate tube gouging and 
limit distortion. It requires no tube 
flaring, permits quick installation with- 
out special tools and is ideally “— 
able to close quarter connections. The 
gtipping action of the fitting sleeve 
forms a positive leakproof seal and 
makes the wg oe sage suitable for 
copper, steel, stainless steel and alu- 
minum tubing. The fitting is avail- 
able in all standard shapes and sizes 
for tubing up to and including 1 in., 
OD. Many special combination shapes 
and sizes up to and including 2 in. can 
be furnished. All shapes, (elbows, tees, 
crosses, etc.) are machined from forg 
ings—all other parts are machined 
from bar stock. The fitting meets all 
requirements of the JIC Hydraulic 
Standards for industrial equipment and 
AN-F-47 Specifications. Special sizes 
and shapes up to 2 in. can be fur- 
nished. 


The Aircraft Fitting Co., 


1400 East 30th St., Cleveland, Obio 


THE FITTING is composed of three parts. 


Tube Distortion 


With the nut loose, the tube is inserted. 


The nut is tightened causing the tapered sleeve to engage tube on its entire outer cir- 
cumference. The long bearing surface minimizes vibration and leakage difficulties. No 
preparatory tbe flaring is necessary and the large area of sleeve contact reduces the 


chances for tube galling and distortion. 





Lightweight Battery Withstands Shock 


This storage battery, without plates 
or separators, is only limited in shock 
resistance by the strength of its plastic 
case, which can be selected to meet 
various requirments. Utilizing silver 
and zinc in powdered form as the ac- 
tive materials, the unit is from 1/3 to 
1/5 the weight of storage batteries now 
in use. 

In place of the usual acid, potas- 
sium alkali is used as the electrolite 
and is soaked into the active meterials. 
This, together with the plastic case 
construction, eleminates the hazards of 
leakage and spilling. It is also notable 
that corrosive and poisonous fumes are 
absent during charging and discharging. 

The battery can be fully charged in 
from 10 to 20 hours and is not dam- 
aged by too rapid charging. It is also 
unharmed by too-rapid discharge. 2.2 
volts is the maximum charge potential 
for all sizes. 

Eight types, ranging from 0.5 —_ 
hour to 40 amp hours are now avail- 
able and larger capacity units are now 
being developed. Although the stand- 
ard unit is unharmed by rapid a 
and discharge, the manufacturer should 
be consulted for batteries exposed to 


frequent rapid discharges in the nor- 
mal course of their service. 

In general, it may be said that this 
unit in many ways resembles a recharg- 
able dry-cell. The active materials are 
zinc and silver with the advantages in- 
herent in this combination. The prob- 
lem of combining these metals in a 
practical storage battery was solved by 


French technicians, and further re- 

search is now being carried out in 

several laboratories. The manufacturers 

express willingness to cooperate on the 

design of cells to meet any specific re- 
quirements which may be offered. 

Yardney Electric Corp., 

105-107 Chambers St., 

New York 7, N. Y 
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L. 1949, U.S. roadbuilders completed 60,000 miles of new con- 
struction ... a record year! Giant earth-moving units helped make 
this record possible; and R/M friction materials, in large measure, 
helped keep these units going. R/M performance, in this industry as 
in so many others, is the best reason for calling on your R/M repre- 


sentative in all problems of design and supply of friction materials. 


RAYBESTOS-MANHATTAN, INC. 


EQUIPMENT SALES DIVISION 
445 Lake Shore Drive, Chicago 11, Ill. 


620 Fisher Bidg., Detroit 2, Mich. 


4651 Pacific Bivd., Los Angeles 11, Calif. 
1071 Union Commerce Bidg., Cleveland 14, Ohio 
Factories: Bridgeport, Conn. Manheim, Pa. Passaic, N.J. No. Charleston, S.C. 


s RAYBESTOS-MANHATTAN, INC., Manufacturers of Brake Linings + Brake Blocks « Clutch Faecings 


Fan Belts + Radiator Hose «+ Mechanical Rubber Products + Rubber Covered Equipment « 


Packings 
Asbestos Textiles « Powdered Metel Products « Abrasive and Diamond Wheels 


* Bowling Galls 
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Foot-Powered Pump Supplies Coolant for Machine Tools 


This coolant supply unit, for use with machine tools, 
rT a foot-powered pump. The unit consists of a steel 
t holding approximately two gallons of lubricant or 
coolant, equipped with a foot pump, 5 ft of plastic hose, 
and nozzle attachment with bracket that can be attached to 
the machine. The stroke of the foot pedal on the pum 
controls the amount of fluid delivered to the cutting tool, 
which can be as little as a few drops or a stream strong 
enough to wash the chips out of the taps, etc. The unit 
eliminates the use of oil-cans and bzushes for applying 
lubricant or coolant. Where an operation requires a large 
volume of fluid, the fluid can be returned to the tank, 
which holds two gallons, where it is strained through a 50 
mesh screen that is included as standard equipment. The 
unit weighs 10 Ibs empty and is portable, permitting easy 
movement and re-attachment between machines. 


W. A. Horejsi Co., Dept. PE-1, 
2001 James Ave. N., Minneapolis, Minn. 





Small Cylinders Save Space in Clamping Applications 


This line of small air cylinders is designed for use in 
jigs and fixtures where size and space limitations are pri- 
mary factors. With a stroke of § in., these units deliver 
75 Ibs thrust on a 100 Ib line pressure. Ram pressure is 
maximum at any point in the stroke. 

The cylinders are machined from solid brass bar stock, 
and consequently eliminate the possibility of rusting or pit- 
ting of the cylinder walls. Any number of cylinders may be 
operated by a single control valve. 

These cylinders can be used on either push or pull appli- 
cations and are primarily designed for holding and clamp- 
ing work for welding, riveting, drilling and general 
assembly. The illustration at right gives the reader a size 
estimate of the units. 


Air-Mite, 2651 W. Lake St., Chicago 12, Ill. 





Foot Switch is Readily Adaptable to Leave Both Hands Free 


Shown here is a new foot switch equipped with BX clamp 
for BX cable, Greenfield or other direct cord. This model 
is rated at 12 amps 125 v or 6 amps 250 v, ac or dc. 
Another unit, rated at 10 amps 125 v or 5 amps 250 v, ac 
or dc, is furnished with heavy duty cord and plug or with 
a standard outlet. Both of these models are of the momen- 
tary contact type, but double-acting models, (press to start 
-—press to stop) are also available. A mounting bracket is 
furnished where switch must be mounted to the floor. The 
standard switch is furnished in two tone gray. 

These switches are designed primarily for power ma- 
chines, photographic enlargers, and electrical devices where 
extra hand motions are dangerous to the operator and slow- 
up production. The standard model can be modified, or 
— models made, to meet product design requirements. 

wo special switches which are intended for use with wire 
and tape recorders have been designed. 


Pioneer Patents and Products Co., 25 N. Franklin St., Chicago, Ill. 
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Assembly Corte “lake a“/umble 
with Change-over te CLUTCH HEADS 


Users Certify 15% to 50% Production Increases for Lower Final Costs 


In view of this testimony you may confidently expect these exclusive time and cost 
saving CLUTCH HEAD features to deliver a similar ratio of production increases on 


your assembly line . 


Higher Visibility of the clutch recess eliminates operator 
hesitation. Even “green” help drives with speed and 
confidence. No “break-in” needed. 


No Damaged Heads... Dead-center entry with the Center 
Pivot Column prevents driver canting. makes straight 
driving automatic, and checks out delay and expense 
fixing burred or chewed-up heads. 


Now, Non-Tapered Driving that sends skid damage to zero; 
safeguarding manpower and material. With CLUTCH 
HEAD’S all-square driving engagement there is no need for 
end pressure to combat “ride-out” (as set up by tapered 
driving) and the drive home is effortless. 

This safety factor and elimination of 
fatigue steps up production. 


One-Handed Reaching at “Bottlenecks.’’ Only 
CLUTCH HEAD provides a frictional Lock-On 
that joins screw and bit as a unit to permit 
one-handed reaching into inner spots and 
driving from any angle. 


UNITED SCREW 


CLEVELAND 2 


Propuct ENcIneerinc — May, 1950 


. . to lower your final costs by producing more for less. 


214,000 Screws Driven Non-Stop. This is the record estab- 
lished by the rugged Type “A’”’ Assembly Bit con- 
tinuous high torque driving on a main assembly tine of 
one of America’s largest automotive plants 


New Bit Life in 60 Seconds. Consider the added tool econ- 
omy of simplified reconditioning this bit REPEATEDLY 
. . » by a 60-second application of the end surface to a 
grinding wheel. 


Curing Field Service “Headaches.’’ For simplified field serv- 
ice, CLUTCH HEAD alone has a recess that is basically 
designed for operation with a common screwdriver or 
with any flat blade which need only be reasonably 
accurate in width. 


Those advantages are fully detailed in the New CLUTCH 
HEAD Brochure... along with technical information your 
engineers and plant executives will want for reference. 
Start your investigation of CLUTCH HEAD’S potential sav 
ings for your assembly by sending for a copy .. . and 
indicate sizes and types of screws which interest you 


AND BOLT CORPORATION 
CHICAGO 8 


NEW YORK 
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Air Pump Eliminates 


This line of air pumps is designed 
to eliminate oil lubrication from air 
pumps used for mechanical suction in 
order to dispense with the objection of 
oil vapor contamination where air is 
discharged in closed areas. Where air 
under pressure is used, the absence of 
oil removes the possibility of spoiling 
material coming in contact with the air. 

To obtain these advantages, certain 
conditions must be accepted. These 
pumps are dry lubricated. The dis- 
lacement blades furnish their own 
ubrication and take up their own wear. 
These blades are designed to be con- 
sumed after a reasonable length of 
time in continuous service and replace- 
ment cr sts com favorably with the 
cost of oil and service time required 
with oil lubricated pumps over a 
similar period of time. Since these 
pumps are dry lubricated, it is essen- 
tial that liquid or greasy materials be 
kept out of the pump. It is preferable 
that dusts containing abrasive matter 
be eliminated as this will greatly pro- 
long the service period of the biades 
and avoid damaging the pump mech- 
anism. It is consequently recommended 
that a dust separator be used on each 
pump. The use of “eee and suc- 
tion relief valves is also recommended. 
This permits regulation of pressure 
and vacuum within the limits of accu- 


Oil Lubrication 


RUNNING AT 1750 RPM, these pumps are rated at 5, 10, 15 and 20 cfm. The dimen- 
sions do not vary except for the size of the ports and the discharge chamber. 


racy of this type of valve which is 
usually well within the requirements 
and also reduces to a minimum the 
chance of overloading a motor selected 
for operation under specific service 
conditions. When one pump is used 
for both vacuum and pressure, the 
amount of air available for pressure 
service is limited by the degree of 


















































NO INTERNAL LUBRICATING MATERIAL should be ap- 
plied to pump. The blades provide their own lubrication. 


vacuum utilized and this double serv- 
ice is not conducive to close regulation. 
Where close regulation is necessary, 
it is preferable to use one pump for 
suction and one pump for —. 
each regulated to the desired degree 
of vacuum or pressure and each fitted 
with suction dust separator 

The Kraissl Co., Hackensack, N. ] 


FAN COOLED, these pumps are normally run clockwise. An 
air gap keeps bearing grease from working into the pump. 
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SHORT. SHORT STORY: 


[ Latch assembly on deep freeze cabinet 
was made of steel. 

2 Parts rusted—plating peeled —owners 
complained. 
“Covert” switched to brass—saved cus- 
tomer 30¢ a set. 
Better product—no complaints—every- 
body happy. 


T’S AS SIMPLE AS THAT. Cost of the brass 
(weighing less than a pound in the finished 
paris) was higher. Fabricating cost and proce- 
dure were exactly the same. However, the cost 





of buffing the 70-odd square inches of exposed 
area, before plating, was cut in half and this, 
plus the elimination of rejected parts, effected a 
net saving of 30¢ per set over the extra cost of 
the metal. 


This happened to the Covert Manufacturing 
Co., Troy, New York. It could happen to you 
We'll ve glad to talk it over. ... Address The 
ee So aie POS Brass parts used in the chromium 
American Brass Company, Waterbury 20, plated deep freeze latch cssombly 
Connecticut; in Canada, New Toronto, Ont. illustrated at top of page. Handle 

is 12” long overall and is formed 
from brass tube 34” O.D. x .035" 
wall. Hood .049” gage and latch 


.087” gage are formed from brass 
NA ON D strip. Rollers are turned from 2” 
Cc diameter brass rod. 8097 


the name to remember in COPPER, BRASS & BRONZE 


2S. Chromium plating on brass is brighter . . . less costly . . . longer-lasting 


Propuct ENcineerinc — May, 1950 








NEW 


COMPONENTS—MATERIALS 


AND PARTS continued 





Handmade Valves Control Liquids and Gases 


This new line of solenoid valves is 
especially designed for hard-to-handle 
liquids and gases. Handmade, the 
are engineered for precision 
seating. The aim has been tight shut- 
off and trouble-free operation. 

The solenoids are hand wound, 
moisture proof and are oversized to 
assure hugh ratio of power to friction. 
Laminated cores keep operating cur- 
rent to a minimum. 

Valve bodies are heavy, are made of 
non-corrosive metal and are bolted to 
the bonnet. Valve stems and discs are 
in one piece and are fabricated of 
stainless steel. The hermetically sealed 
plunger tube is of high tensile strength 
and is non-corrosive. The valve body 
is joined to the bonnet with a flange 
and gasket to provide a tight seal, yet 
can be taken apart without distorting 
the valve body and seat. 

The unit operates when the solenoid 
is energized, remaining in the open 
position until the current is cut off. 


Charles Engelhard, Inc., 850 Passaic Ave., 
East Newark, N. J. 























Air Cylinder Grips Tighter With Lever Action 


This new air cylinder uses the 
mechanical advantage of levers, or 
dogs, to give increased gripping power. 
Manufacturer's tests show that this 
cylinder will develop three to four 
times the drawbar force of a conven- 
tional air cylinder with the same pis- 
ton area. 

The piston is of the “donut” design, 
which permits bar stock and work to 
be passed through the unit. It has a 
movement of % in. in either direction, 
and may be used for either push or 
pull type mechanisms. Thus it is ap- 
plicable for operating collet chucks and 
expanding mandrels. 

The unit is similar in design to the 
manufacturer's standard dog type air 
chuck which is now being widely used 
on production lines for chucking. 

In these applications, the increased 
gripping power provided by the lever 
action of the new unit is a decided 
advantage. For the same force need, 
the new cylinder is smaller than the 
conventional apparatus and space-sav- 
ings are possible. 


THE DESIGN REFINEMENTS have been directly incorporated into the interior of 
the unit giving smooth exterior lines. Bar stock is shown passing through the cylinder. 


Erickson Tools Dit 311 Hamilton Ave., Cleveland 14, Ohio 
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In “Open Position.” 


Kohler K-1354 Check Valve can be 
furnished as follows: 


Size: 44", ",346",44 "56", 0”. 
Connection: Internal Pipe, Ex- 


ternal Pipe, Tubing, or com- 
binations as specified. 


Proof Pressure: Up to 7500 PSI. 
Leakage: Zero. 


Material: Brass, Aluminum or 
Steel. 


Fiew: As specified. 


In “Closed Position.” 


Avoid costly air leakage---with this 


KOHLER 


Soft Seat Type Pneumatic Check Valve 


Kohler quality valves, produced with precision workmanship, enable 
you to install trouble-free pneumatic systems. The K-1354 check valve 
is small, light in weight and versatile. By modifying the spring, opening 
pressures up to 100 PSI can easily be obtained. 

Kohler angle needle valves, 3-way plug valves, pneumatic check valves 
and on-off valves will meet a variety of requirements as integral precision 
parts of your system. 

Kohler valves, fittings and other precision parts are made in a wide 
range of types and sizes. Complete facilities for forging, machining and 
anodyzing centered in one plant help speed up deliveries and service. 
Kohler engineers will gladly develop valves to meet your special require- 
ments. If you do not have a copy of our complete, illustrated Precision 
Parts Catalog, send for a copy today. Kohler Co., Dept. 25-U, Kohler, 
Wisconsin. Established 1873. 


Other Kohler Precision Valves for Pneumatic Systems 





K-102 Angle Needle Vaive K-703 3-way 


K-2001 On-off Valve Plug Valve 


KOHLER or KOHLER 


PLUMBING FIXTURES « HEATING EQUIPMENT © ELECTRIC PLANTS + AIR-COOLED ENGINES 
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Pressures to 5000 psi Regulated By Hydraulic Pump 


Pumps are of axial piston type. Units offered in capacities of 55, 110 and 165 gallons. 


This new line of oil-hydraulic pumping units is designed 
for regulative pressures up to 5000 psi. These high pressure 
units are available in 22 models designed to specifications 
recommended by the Joint Industry Conference, Hydraulic 
Standards for Industrial Equipment. 

A reservoir base, with all operating components, includ- 
ing pump, relief valves, gauges, and electric motor drive, 
mounted on the removable top cover, make up each unit. 
The compactness throughout is an important advantage in 
obtaining sufficient power for many types of modern 
machinery, without penalty of excessive bulk. 

Supplied in capacities of 55, 110, and 165 gallons, the 
reservoir of these high pressure pumping units is of welded 
steel construction and has an access door at the end to 
simplify tank cleaning. Bottom of the reservoir is above 
floor level, and it slopes slightly to facilitate draining. 

Three series of dension hydraulic pumps are offered. 
These are of axial piston type and may be for either con- 
stant or variable volume. The 600 series pumps delivery u 
to 9 gpm at 1800 rpm in a pressure range up to 5000 psi. 
Pumps of the 700 series are rated at 20 gpm at 1200 rpm 
for requirements up to 5000 psi. The 800 series provide a 
maximum 35 gpm at 1200 rpm for service up to 5000 psi. 
The variable volume pumps are available with a choice of 
handwheel, pressure compensating, stem or cylinder control 
of oil delivery. The constant displacement pumps are basi- 
cally of the same design and construction, exclusive of the 
controls. In addition to compactness, other features of 
dependability and quiet operation are reported to suit these 
pumps especially for industrial installations. The pump and 
electric motor are mounted horizontally on the reservoir 
cover plate and connected by a flexible coupling. 

Within desired range up to 5000 psi, accurate adjust- 
ment of pressure can be made with the relief valve, which 
is the Denison threaded body type. A knurled adjustment 
knob is provided on the valve cap, Pressure gauge and 
gauge shut-off valve are connected directly to the relief valve 
and used for initial setting of system pressures. 

Optional equipment is available to extend the versatility 
of these high pressure oil-hydraulic pumping units. For 
example, a heat exchanger attachement can be provided for 
cooling oil in the hydraulic system, and a vacuum gauge 
added to permit checking condition of the oil filter within 
the reservoir at any time. 

The oil cooler consists of standard 2-pass heat exchanger, 
complete with thermostatic control that automatically starts 


Pine ee yt tien 


MOTOR AND PUMPING UNIT are mounted on top of the 
reservoir with access to pressure regulating units and adjustment 
controls. Compact construction of the welded steel reservoir 
as shown clearly, wit! cleaning access door at left. 


and stops coolant flow at desired temperatures. Water is 
used as the coolant. Temperature at which the oil cooler 
becomes operative is adjustable. The oil cooler is recom- 
mended for installations where the pumping unit is 
operated at 50 per cent or more of maximum pressure, or 
for 10 per cent or more of the total cycle time. A bypass 
circuit and low pressure relief valve protect the host 
exchanger from sudden surges of pressure or flow. A dial 
indicator temperature gauge is also available to indicate 
temperature of oil within the reservoir 
It is difficult to establish how often the oil filter should 
be cleaned, as conditions vary with each unit installation 
The optional vacuum gauge simplifies timing this important 
maintenance function. With the vacuum gauge, the need 
for oil filter cleaning is plainly indicated. When the gauge 
shows a reading of 10 in. mercury at 100 deg F, the filter 
is dirty or clogged and should be cleaned. Maintenance is 
usually sufficient, using the vacuum gage. 
Denison Engineering Co., 1171 Dublin Rd. 
Columbus 16, Obio 








Miniature Power Supply Gives High Voltage For Geiger Counter 


This miniature high voltage power 
supply for use with military and civil- 
ian Geiger counter equipment has re- 
cently been announced. 

The model offered is a hermetically 
sealed unit. It operates from a 3 volt 
nominal battery and delivers a regu- 
lated and filtered output of 900 volts 


dc. The unit measures 1§ by 24% by 
23 in. and weighs only 12 ounces. The 
output voltage is constant within one 
percent for an input battery voltage 
varying from 2.2 to 3.5 volts and the 
output ripple is less than 0.2 volts. This 
model is available for fixed or plug-in 
mounting and has a life expectancy 


claimed by the manufacturer to be 
more than 1,000 hours. 

The power supply employs a four- 
pole vibrator used in a self-rectifying 
voltage multiplier circuit. Outputs 
range to 5 watts and up to 2500 volts. 


Eltron, Inc., Jackson, Mich. 


CONTINUED ON PAGE 178 
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TYPE “I” 
TWIN CONTACT 


@ This new CLARE dust-tight plug-in enclosure for the small Type “J” 
Relay offers designers a number of unusual features for installation on 
industrial equipment. 


Entrance of dust is prevented by the steel cover and by use of a Neoprene 
gasket which is closely fitted at the factory to the relay terminals. The dust- 
tight cover is easily removed for inspection. Use of standard radio plug 
simplifies installation and cuts wiring costs. Base is secured to chassis to 
prevent plug from being jarred or-accidentally pulled from its socket. 


Exclusive design of the CLARE Type “J” Relay allows the twin contacts to 

: “ . : Neoprene gasket, closely fitted ot 
operate independently of each other. One contact is sure to close, reducing factory to relay terminals, between 
contact failure to the practical limit. This relay combines all the best fea- bose ond cover, effectively 
tures of the conventional telephone-type relay with small size and light cottudes Cost. 
weight. It provides unusually high current-carrying capacity, large contact 
spring capacity, extreme sensitivity and high operating speed. 


This new dust-tight enclosed relay is one of many outstanding CLARE con- 
tributions in the development of new and better relay components for indus- 
try. CLARE Sales Engineers are located in principal cities to consult with 
you on your relay problems. Call them dire *t or write: C. P. Clare & Co., 
4719 West Sunnyside Avenue, Chicago 30, Illinois. Cable Address: CLARE- 
LAY. In Canada: Canadian Line Materials Led., Toronto 13. 


Write for Bulletin No. 108 


Plug is standord rodio-type plug. 
Standard finishes ore silver lustre 
lecquer for cover, codmivm for 
base. Retaining screws hold base 


securely to ponel. 
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Switch is Restored to Safety After Manual Latch-In 


This new safety interiock for high-voltage equipment is [OO 


built so that the electric circuit can be manually reclosed 
for testing, with no danger of being found “hot” later. 

The mechanism consists of two elements. The first is a 
conventional leaf-type actu.tor for. opening the switch con- 
tacts when the door or access panel of the protected 
enclosure is opened as little as § in. The second is a push- 
button-operated slide cam mounted above the leaf actuator 
so that the interlock circuit is reclosed when the button is 
pushed. A detent in the slide cam engages the leaf actuator 
to keep the switch contacts closed while the circuit is being 
worked on. 

The switch is restored to “safety” by light pressure on 
the leaf actuator. This releases the dentent of the slide cam 
which is then moved back to its off position by a spring. 
If the service man neglects to restore the interlock to 
“safety”, the action is accomplished automatically as soon 
as the door is closed. Use of this new safety switch avoids 
the hazard introduced when service men tie down, block, or 
jump out conventional interlock switches. 


oo a pn 


Coupling Has Two-Part Sleeve for 50 to 1000 HP 


For use in the 50 to 1,000 hp range, this coupling uses 
an inside sleeve made in two parts—providing a sleeve in 
each body. With both sides mac hined alike, the removable 
collar can be put on either half. The collar is held in place 
by a snap ring. 

Except on reversing load, half the cushions are idlers. 
This pers a reserve supply of these cushions which are 
interchangeable and are y 0k in sight. No lubrication is 
required and the metal jars are not subject to wear. Cushion 
material is supplied to suit the application. In one applica- 
tion, oil resisting neoprene, protected by bronze, is employed 
for use when oils, chemicals, ozone and heat conditions 
would deteriorate ordinary cushion material. 


Lovejoy Flexible Coupling Co., 
5001 W. Lake St., Chicago 44, Ill 





Casir:z Protects Push-Pull Controls With Vinyl or Stainless 


Two new types of casing, used pri- surface for control wire, and by mak- wire and thick wall (both .072 in. 





marily for push-pull controls, recently 
have been announced. The first type 
consists of a high-strength bronze flat- 
wire casing completely enclosed by a 
water-tight tough vinyl cover, the prin- 
cipal size having an overall diameter of 
4 in. Advantages reside in the small 
inside diameter (.095 in.) of the cas- 
ing that closely fits the control wire 
(.072 in.), causing less ‘‘lost motion” 
between the two parts. The flat-wire 
construction provides a smooth inner 


ing a solid wall construction, produces 
a casing having at least 15 percent 
more bend resistance than a similar- 
sized round-wire construction. The 
vinyl cover is not harmed by salt water, 
greases, gasoline, and most other 
chemicals. 

The second new type casing is made 
of stainless steel wire, the strength of 
which is approximately double that of 
brass or bronze. Made primarily in 
} in. OD with large, strong, control 


wire), this casing is the strongest avail- 
able in any Cog, taggers corrosion- 
resistant alloy. The stainless steel 
safely withstands the corrosive action 
of most industrial chemicals. On ma- 
rine applications, monel metal wire is 
somewhat more resistant to the action 
of salt water, although stainless steel is 
substantially stronger. 


Kupfrian Mfg. Co., 350 State St., 
Binghamton, N.Y. 
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old-Formed 
Shapes 


GSED /N 


Industrial Power 





This cold-formed shape, a 7-in. channel with 1-in. 
legs, is used as a housing member by Trumbull Elec- 
tric, a manufacturer of plug-in systems for the distribu- 
tion of industrial light and power. We make it on 
brakes, using 16-gage steel, and furnish it to the cus- 
tomer in long lengths. 

Hcusing-members for power systems... bases for 
milk cans ... sills for freight elevator doors . . . parts 
for ornamental railings .. . hatch covers for seagoing 
vessels . . . there's virtually no limit to the possibili- 
ties of Bethlehem Cold-Formed Shapes. In fact, so 
versatile are these economical shapes that new uses 
are continually being discovered — some of them so 
unusual that they come as a surprise even to us. 


Bethlehem Cold-Formed Shapes are made from strip, 
sheets or plates. They are uniform in thickness, 
practically free from écale, and have an excellent 
strength-weight ratio. They are furnished in all 
gages from 7 to 24, inclusive. 

Perhaps there is a job in your own plant in which 
the use of Bethlehem Cold-Formed Shapes could save 
both time and money. Why not let us look into it for 
you? To start the ball rolling. we suggest that you 
get in touch with the nearest Bethlehem sales office. 
Or, if you prefer, write to us at Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY. BETHLEHEM. PA. 
On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coast Steel Corporation 


Export Distributor: Bethlehem Steel Export Corporation 
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Mechanical Seals Fit Present Pumps 


Designed for sealing stuffing boxes 
in the manufacturer's line of cen- 
trifugai pumps, these mechanical seals 
can, in many cases, be used on units 
now in service. Reduced leakage and 
lower maintenance are claimed, to- 
gether with freedom from adjustment 
difficulties at and after installation. 
Three types are available: 

The type U, a balanced high 
— single seal, is for shaft sizes 

rom 1} to 5% in. The stationary face, 

protected during handling and installa- 
tion by a cover is, in most cases, con- 
structed of carbon. Leakage around 
this stationary face is prevented by a 
seat gasket, while a U-cup holds leak- 
age under the rotating face. The mate- 
rial used for these seals will vary with 
the service. 

The type L, for shaft sizes not ex- 
ceeding 2 in., is designed as a more 
economical seal for temperatures be- 
low 110 F and pressures under 50 psi. 

The type B, an oil lubricated, double 
seal, is Relaned for higher pressures 
on non-lubricating liquids. 





THIS CUTAWAY VIEW of a centrifugal pump shaft shows the assembly of the 
balanced, high pressure single seal. Primarily designed to increase service time, manu- 
facturer’s tests show reduced leakage loss of product with the new seals. 


Byron Jackson Co., Pump Div., Terminal Annex Box 2017, Los Angeles 54, Cal 





Pencil Draws Without Sharpening 


This draftsman’s cil:is equipped 
with a thin, flat lead, which is almost 
flush with the outer steel sleeve. when 
in use. Lines are drawn with the pencil 
tilted slightly from the vertical. The 
sleeve protects the lead and keeps 
graphite dust from the drawing edges. 
The paper is contacted by the sleeve as 
well as the lead. As the lead wears, the 
sleeve automatically retracts, requiring 
no adjustment until approximately 0.2 
in. of lead has been used. Then the 
"enger shaft is turned, until the sleeve 

as advanced with the lead to its fully 
extended position. Leads are replaced 
in a manner similar to that used with 
conventional mechanical pencils. 

In’ use, this pencil needs only occa- 
sional adjustment of the lead, and 
there are no interruptions for sharpen- 
ing or pointing. Leads are furnished 
in two widths, 0.30 mm (0.012 in.) 
and 0.45 mm (0.018 in.) and in HB, 
H, 2H and 4H hardness grades. Since 
the line drawn is the same width as the 
lead, lines of constant width can be 
¢rawn continuously without adjust- 


Sea 


THIS SWISS MECHANICAL DRAFTSMAN’S PENCIL is now being offered in the 
United States. The steel sleeve covers the lead and protects it from breakage. For 
illustrative purposes the lead is here shown extended somewhat more than it would be 
while being used, when the lead and its protective sleeve are almost exactly flush. 
Costs of the new pencil are roughly comparable to those of conventional units. 


Evenline Products, P. O. Box 47, East Side Station, Providence, R. 1 
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Forged Brass Valve Fastens 
With One Bolt 


This forged brass operating valve uses a lapped stainless 
steel disk, sliding on a bronze ring, to provide sealing 
action. Held together by one bolt, the unit is pointed 
toward parts simplicity and ease of replacement. With % 
in. ports, the capacity at 100 psi is 10 cu ft of free air per 
minute. Adaptable to cylinders up to 34 in. bore in short 
strokes, the valve is available in two, three and four way 
types with a hand or mechanical lever, suitable for hand, 
foot, knee, or mechanical actuation. Actual dimensions of 
the body of the valve are 1§ by 144 in. 

These valves are suitable for machine mounting to give 
automatic operation by means of linkage. The manufac- 
turer states the units will stand up under continuous machine 
actuation. 


ee ae 


ve 


A. Schrader's Son Div., Seovill Mfg. Co., Inc.. 
470 Vanderbilt Ave., Brooklyn 17, N. ¥. 


bare 





Light Pressure Operates 
High Speed Foot-Switch 


This new, large treadle foot switch is operated by light 
toe pressure at any point on the inclined face. Requiring 
a @ in. throw to trip its smap-action switch, the unit is 
designed for high speed operations where fatigue is to be 
avoided. Styles are available for BX connection or for use 
with portable rubber cord. 

Capacity ranges from 20 amps at 125 v, ac, to 15 amps 
at 250 v, ac. From 230 v to 460 v, ac, the switch will 
handle 4 horsepower. 

Contact arrangements include single-pole single-throw 
normally open, single-pole single-throw normally closed, 
and single pole double throw. Access to wiring terminals 
is by removal of the rubber, floor-grip base. 


f 
° 
Pe 


1200 Soldiers Field, Boston 34, Ma 


General Control Co. 





Relay is Sensitive to 0.012 Watts in Open or Sealed Models 


This sensitive relay is available in 
either an open or hermetically sealed 
model. The single pole, double throw 
unit is sensitive to 0.012 watts, dc, 
while the double pole, double throw 
unit is sensitive to 0.55 watts, dec. 
These can also be supplied for ac use. 
The coil is acetate insulated, bobbin 
or layer wound, with a maximum re- 
sistance of 12,500 ohms. 

Silver contacts are used for a 1 amp, 
non-inductive load at 24 v, dc; or 
115 v, ac. Armature contact is at the 


frame potential. Mounting is by one 
hole with a locating lug. The units are 
also available with dust covers or 
hermetically sealed, and with plug-in 
or solder terminals. 

The dimensions of the open relay are 
14§ by 14% by 1§ in. The sealed relay 
is 35 in. long, including the sealed 
plug, by 14§ in. by 14% in. high 
Standard weight is 2.5 oz, while the 
hermetically sealed unit is 4.5 ounces 

In special applications, relays sensi- 
tive to 0.003 watts SPDT or 0.012 


watts DPDT can be obtained. Palla 
dium or other precious metal contacts 
for audio or low voltage circuits, and 
tungsten or other alloy contacts for 
higher current or voltage circuits are 
also available. Another special unit 
gives maximum input of 4.0 watts at 
20 deg C for an 85 deg C raise. 

This unit is identified as an S relay 
A number of additional relays will 
shortly be announced 

Allied Control ¢ Ir 
2 E. End Ave... N. Y., N. ¥ 
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Twin Disc Machine Tool Clutches are en- 

gineered to fit easily into your design. 

They can be used as primary or cut-off 

clutches or as clutches that control a given 
function during continued operation . . . such as 
change-of-speed clutches where frequent opera- 
tion is required. 

These compact Twin Disc Clutches have ex- 
ceptionally high torque capacity compared with 
the relatively small space required for installa- 
tion. For example, a 5.5” Twin Disc Oil-type 
‘MTS Clutch with seven driving plates has a 


working torque capacity of 3200 inch-pounds. 

This high torque capacity is obtained through 
use of materials with high friction coefficient . . . 
ample number of friction surfaces . . . a quick 
and easy method of removing oil from between 
the friction surfaces. 

Twin Disc builds both oil and dry type Ma- 
chine Tool Clutches . . . single and duplex con- 
struction . . . sizes from 3” to 12”. For complete 
information write for Bulletin 134-A. 

Twin Disc CiutcH Company, Racine, Wis- 
consin (Hydraulic Division, Rockford, Illinois). 


“Twili pise ag 


SPECIALISTS IN INDUSTRIAL CLUTCHES SINCE 1918 
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Basic Valve 
Is Easily 
Modified 

These two new lines of } in. port 
air valves are each based on a single 
valve body. Additional parts are added 
as illustrated to form the other valves 
of the series. 

Balanced piston construction gives 
ease of operation, without valve seats 
or rod packings to become worn. The 
piston assembly is removable as a com- 
plete unit. Designed to be self clean- 


ing, these valves are furnished with all 
parts corrosion resistant. 


Above: At the right the final set-up of 
the 3-way cam valve is shown. With 
center part plugged, these units are 
suitable for many open-shut opeta- 
tions. Also pictured is the push but- 
ton model in the 4-way, 2-position 
series. Left: Assembly of the 3-way 
valve series is illustrated on the right. 
To the left is the 4-way series. These 
can be used for remote control of pilot 
operated master cylinders or converted 
to 3-way valves by plugging the center 
i. The valve can be used for push- 
utton operation. 


Logansport Machine Co., Inc. 
Logansport, Ina 





Pillow Block 
Is Self Lubricated 


Available in bore sizes of 4, §, 3, 
and 1 in., this bearing retains its 
supply of lubricant in a special cavity 
filled with sponge iron as well as in 
the pores of the entire bearing car- 
tridge. By impregnating the metal with 
the correct lubricant, under pressure, 
the ma.ufacturer has designed this 
unit to provide a protective coating 
around the shaft without dripping. 
Manufacturer's tests show a life ex- 
pectancy of 20,000 to 30,000 hours 
under normal operating conditions. 
Maximum recommended speed is 4000 Congress Drives Div., Tann Corp., 3750 E. Outer Dr., Detroit 34, Mich. 
rpm. 
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Models with Housings, Nos. 8022, 8062 
and 8102. Simplify installation, particu- 
larly where internal discharge and suction ports 
are not readily incorporated ic the machine 
design, or where outside piping 
is desirable. 


Medels without Housings, Nes. 8023, 
8063 and 8103. Made for manufacturers 
who wish to utilize pumps as integral parts of 
stuasiemanes with suction and discharge 
a in the machine — 
eed compact installation . 
minimum projection from 
machine surfaces. 


oan 


A NEW SERIES OF 


,# 


Nos. 8021, 8061, 8101 — and 
Stripped Models with Housings 
Stripped Models without Housings 


Many important and convenient features have been designed into 
this New Series of Brown & Sharpe Pumps for lubrication and 
coolant systems on machines that reverse. Heading the list is 
the fully-automatic reversing feature with unidirectional flow. 
Other features include... three sizes—2'2, 5 and 1142 gpm at 0 
pressure, max. speed 1140 R.P.M.... easy changeability of flow 
direction from one port to the other, in the field... mounting 
design that permits foot to be set in 4 different positions with ports 
held vertical. 

For integral mounting, each size pump is furnished also as a 
stripped model with housing, or stripped model without housing. 
Easily installed with minimum number of machining operations. 
Complete information available in new Bulletin. Brown & Sharpe 
Mfg. Co., Providence 1, R. 1., U. S. A. 


We urge buying through the Distributor 


BROWN & SHARPE PUMPS |! 
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Double Throw Switch 
Has Special Circuit Set-Up 


This three-position, momentary contact switch consists of a 
self-centering toggle lever with one normally open and 
one normally closed switch. A jumper wire connects the 
common terminals of the units. Operation of the toggle 
lever will either open the normally closed switch or close 
the normally open switch. Travel is 25 deg from center 
on either side. unit has a total weight of approximately 
2 oz and ratings of 10 amps, 125 to 250 v ac; 10 amps, 
28 v dc, non-inductive; and 6 amps, 28 v dc, inductive. An 
alternate unit provides two double throw switches. 

In the illustration, the toggle lever is at the center 
position, the normally open switch is open and the normally 
closed switch is closed. Operating the toggle lever to the 
right closes the normally open circuit of the one switch. 
Operation of the lever to the left opens the normally closed 
circuit of the other switch, leaving both circuits open. 


Micro Switch, Freeport, lil. 








One Instrument Reads 
Current, Resistance, 
Capacity and Potential 





Measuring 13} by 16} by 7 in., and weighing 184 lbs, 
with a rating of 115 volt-amps, this instrument is designed 
to measure resistances to 1/10 ohm and capacities to 1 mmf. 
Peak to peak voltage measurements car. be taken, and a 
zero-center dc scale is also included. Ac range is 1,200 v. 
Probes and test leads are furnished with the instrument. 
The meter scale is 9 in. square and the entire unit is 
enclosed in a portable steel carrying case, to increase the 
speed and ease of taking readings. 


Hickok Electrical Instrument Co., 
10544 Dupont Ave., Cleveland 8, Obio 





Pressure Transmitter Withstands Corrosion 


Designed for use with corrosive 
mediums such as red fuming nitric 
acid, this new electric pressure trans- 
mitter employs four active 300 ohm 
bonded strain gages arranged in a 
Wheatstone bridge circuit. It is avail- 
able in ranges from 100 to 5000 psi. 
Powered hy a maximum voltage of 18 
volts, the instrument produces a full 
scale output of 50 millivolts open cir- 


cuit. The output is linear with pressure 
and its repeatability is better than } 
percent of full scale. The instrument 
is temperature compensated for zero 
shift and sensitivity change with tem- 
perature. Zero shift in standard units 
will not exceed 0.01 percent of full 
scale per deg F change and sensitivity 
will not change more than 0.01 per- 
cent of reading per deg F change. The 


undamped natural frequency of this 
transmitter is over 1,500 cps, depend- 
ing upon the range. The overall dimen- 
sions are 34 in. in height and 33 in. 
in diameter. Its weight is approxi- 
mately 30 ounces, without leads. Ap- 
plications are expected in guided mis- 
sile and rocket research development. 


Predric Flader, Inc., 583 Division St., 
North Tonawanda, N. Y. 





CONTINUED ON PAGE 188 


Propuct Encinrertnc — May, 1950 





Cog-Belts* 


a bite out of costs 


Here are the ways a designer of a V-Beit-driven product takes a big 
bite out of costs by belting with Dayton’s patented, premium Cog-Belt— 

His equipment, driven, say, by a 7-belt 40 H.P. “C” section drive, is 
handled by only 5 Dayton Cog-Belts, while 10 pulleys do the work of 
14. Total saving in cost of drive: 17%! 

The product now costs less to ship—drive weighs 28% less, is 47.2% 
more compact. It performs better because Dayton Cog-Belts, “Built to 
bend” like the joints of your finger, withstand starting and shock loads 
better, last years longer. 

To add the advantages of a Cog-Belt drive to your product, write for 
engineering data. Remember—only Dayton has the Cog-Belt—it's 
patented and exclusive! 


DAYTON RUBBER COMPANY, DAYTON 1, OHIO 


* TA, 


40% More y, 

FEWER Beirs 

SMALLER PULLEYs 
“ONGER ire 


P, 


‘“feytan Fubar 


WORLD'S LARGEST MANUFACTURER OF VY-BELTS 
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New Strain Indicator Increases Accuracy of Gages 


This portable battery-powered strain 
indicator is designed for use with the 
manufacturer's bonded resistance wire 
strain gages. Improvements have been 
announced over the previous instru- 
ment. 

With accuracy unaffected, the ten 
“Thousand” steps are increased from 
1,000 to 2,000 microinches per inch 
nd step. The Range Extender has 

m increased to 20,000 microinches 
with an accuracy claimed within plus 
or minus 50 microinches. This ex- 
tends the balancing range of the in- 
strument to 30,000 microinches, per- 
mitting measurements in the plastic 
range of metals. 

The instrument can also be used 
with a completely external Wheatstone 
bridge, while another feature allows 
for connection of an oscilloscope for 
(applications in re-phasing problems en- 
countered with iong !eads between the 


strain gage and the instrument. This 
also allows for limited dynamic studies 
because of connection into the ampli- 
fier section of the instrument which 
permits pre-amplification of the strain 
gage signal for readings on a standard 
oscilloscope. 

Measuring accuracy has also been 
improved, The “Thousands” steps 
have a tolerance of plus or minus 2} 
microinches per inch. Slide wire toler- 
ance is plus or minus 5 microinches per 
inch and the Gage Factor adjustment is 
accurate to plus or minus } percent at 
any point. 

The instrument is designed and 
calibrated for 120-ohm gages with 
gage factors of 1.77 to 2.20. However, 
gages of other resistances and gage 
actors may be used if necessary. An 
ac-de converter is available for operat- 
ing the indicator on 110 v, 60 cycle 
single-phase electric power when re- 


quired for continual operation. The 
instrument weighs about 25 lb with 
batteries. 
Baldwin Locomotive Wk 
Philadelphia 42, Pa 





Meter Unit Controls Flow of Corrosive Liquids 


This unit, composed of a meter and 
a control mechanism is used to indicate 
and control the flow of corrosive 
liquids. 

The meter indicates the rate of flow 
at all times and at the same time totals 
every gallon on its register. Measure- 
ment is volumetric. Each compiete 
movement of the measuring piston dis- 
piaces a fixed volume of liquid. The 
liquid enters through the inlet port 
and fills the spaces above and below 
the piston. The volume of liquid flow- 
ing in the annular space around the 
center ball of the piston causes the 
piston to move with a “nutating” mo 
tion until the liquid discharges through 
the outlet port. The center port of the 
piston is thereby caused to make a 
circular motion which is transmitted 


through a gear train to the drive shaft 
which passes through the stuffing box 
to the direct connected generator 
through a self-aligning coupling. The 
rate of flow indicator (which can be 
mounted remote from the rest of the 
meter) measures the out-put of the 
generator and is calibrated to indicate 
the corresponding rate of liquid flow 
through the meter. 

The control mechanism is set at the 
rate of flow desired. It will then hold 
the flow at that setting and in addition 
will indicate and integrate the flow. 

The entire unit is composed of the 
meter plus the control. The output of 
the meter generator operates a control 
valve to change the rate of flow until 
generator output is balanced on the 
rate-of-flow potentiometer. 


The Hays Corp., Michig 





Tachometer Reads 


This new electric tachometer fea- 
tures a flush mounting indicator with 
a 250 deg scale. The scale length is 
8.7 in. while the diameter of the case 
is 54 in. The guaranteed accuracy is 
within 2 percent of full scale deflec- 
tion. Although this accuracy is no 
better than that provided by indicators 
of the same size having 90 deg scales, 


on Long Scale of Indicator 


the manufacturer claims that the 250 
deg scales, which are more than twice 
as long, will facilitate reading the in- 
dicator more readily and with less 
chance of error within their guaranteed 
accuracy. 

Standard scales are calibrated in 
RPM, but special scales are available 
to read feet per minute, gallons per 


minute, impressions per hour, or any 
other units of speed. The permanent 
magnet generator is furnished in a 12 
ae design. The unit is available with 
pase, flange, or SAE mounting and is 
intended for operation at speeds up to 

10,000 RPM. 
The Chicago Electric Tachometer Co 
Madison, Ohio 
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Pinions produced 
3 to 5 times cheaper 


Pinions made from RATHBONE PRECISION COLD DRAWN PINION ROD « cost from from _three 
to five times less than cut pinions. In some cases the ratio is 10 to 1 ia faver of 
RATHBONE PINION ROD. Reports from one of our many customers indicate that, in 
addition to an outstanding saving in cost. pinions made from RATHBONE COLD 
DRAWN STOCK, under actual test. give seven times the length of service of cut pinions. 


These are only some of the benefits because, in every case, cold drawn sections have 
a hard, smooth skin which is not removed by machining. Furthermore, dimensional 
accuracy is maintained. Cold drawn pinions can be depended on for longer life and less 
friction. They can be produced in a wide variety of materials to meet application require- 
ments. Product improvement is assured by their use, and is such as to warrant your 
most careful investigation. Your inquiries are solicited. You incur no obligation in send- 
ing us your drawings for our recommendations. 
* 


COLD DRAWN SHAPES to your specificotions—at big savings. 


_RATH a 0 Nj a Corp oration, p re Mass. 
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12 Ounce Motor Gives 
DC Time Integral 


The speed of this motor is stated as proportional within 
0.5 percent to applied voltages between —15 and -+-15 volts. 
Angular shaft displacement over any given period, there- 
fore, is proportional to the ixtegral of applied voltage dur- 
ing that period. 

In the model illustrated, the armature is geared to a 
single output shaft at a ratio of 500 to 1. Also available 
is a model with armature geared to two output shafts, at 
100 to 1 and 1000 to 1. 

A torque to inertia ratio of 400,000 to 1 at 1 volt applied 
is claimed. Weight is 12 oz, with greatest overall dimension 
of 33 in. A unique feature of this motor is the claim that 
it will consistently start and run on the energy supplied by a 

hoto-cell exposed to suniight. Construction features 
mclude the use of jeweled bearings to maintain the above 
— to inertia ratio. 
is motor is designed for use in applications where 
the time rate of any process, operation, or movement can 
be made. to control a voltage in exact proportion. If this 
voltage is then applied to the integrator motor, its output 
shaft will record ty its angular displacement the extent the 
process or movement has progressed. 


Specialties, Inc., Skunks Misery Rd., Syosset, L. 1., N. Y. 





Flexible Hose Offered 
In Stainless Steel 


This new line of flexible stainless steel hose is offered 
for liquid and gas corrosion service. Flexible, the hose is 
designed for vibration and variplane motion conditions. 
Construction will vary to fit the amount of flexure neces- 
sary. Available in sizes from yy to 6 in. ID, in one or 
multiple ply construction, this product has wall thick- 
nesses from 0.003 to 0.030 inch. Working pressures are 
allowed up to 2,000 psi. Standard or special fittings are 
attachable by silver brazing or welding. 





Chicago Metal Hose Corp., 1304 So. Third Ave., Maywood, Ill. 





Leaded Steel Machines at High Speed 


This steel is offered in response toa with this new cold finished product. be superior to Bessemer Steels in 


demand for faster machining screw 
stock steels. It is a cold finished open- 
hearth steei, not a Bessemer product, 
with lead added. It is rephosphorized 
and resulphurized, and has a carbon 
content of .08 to .13 percent. The in- 
tention is to replace Bessemer and 
plain resulphurized open hearth steels 


Extensive tests have been conducted 
by the manufacturer as to machining 
speed. In this respect, the function of 
the lead in this steel is to lessen the 
friction between chip and tool, and 
thus cut heat. The tests run are claimed 
to show important gains in cutting 
speed. The new steel is also stated to 


ductility, carburizing qualities, freedom 
from surface defects, and in cross-sec- 
tion soundness. A surface cutting 
speed of 325 fpm has been set as 
standard for the new steel on main- 
tained runs 


LaSalle Steel Co 
P. O. Box 6800-A, Chicago 80, lil. 
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SHARON STAINLES® 
Provides the Anne 
For Range and Stove But e 


© 


Many range builders are finding Sharon 
Stainless ideal for all trim, but especially 
that trim that rings the burners. Sharon 
Stainless remains bright and shiny, easy- 
to-clean year after year under constant 
usage. Burner trim rings of Sharon Stain- 
less resist discoloration and warp regard- 
less of heat generated by range. These 
factors add up to, higher quality and 
stronger sales ammunition. 


For baffles, burner bowls and combustion 
chambers, stove and heater builders have 
added years of life to their products by 
switching to Sharon Quality Stainless. 
Sharon Stainless is especially heat re- 
sistant. It will not deteriorate under the 
hottest temperatures. And what's more, 
Sharon Stainless withstands rapid and 
extreme changes of temperature—a per- 
fect metal for manufacturers who must “ 
contend with heat and cold. 


Why not examine your product. Think of 
Stainless, and when you do—think of 
Sharon, pioneer and prime producer of 
fine steels for almost 50 years. If you 
would like engineering help or fabrica- 
tion information, let us know. No obliga- 
tion, whatsoever. 














SHARON STEEL CORPORATION Shaw, Peanylana 


PRODUCTS OF SHARON STEEL CORPORATION AND SUBSIDIARIES: THE NILES ROLLING MILL COMPANY, NILES, OMIO; DETROIT TUBE -ND STEEL DIVISION, DETRONT, 
MICHIGAN; BRAINARD STEEL COMPANY, WARREN, OM10; SHARONSTEEL PRODUCTS COMPANY, DETROIT, MICHIGAN, AND FARRELL, PENMA,, CARPENTERTOWN COAL 
& COKE CO. MT. PLEASANT, PENNA, FAIRMONT COKE WORKS, FAIRMONT, W. VA. MORGANTOWN COKE WORKS, MORGANTOWN, W. VA. JOANNE COAL 
COMPANY, RACHEL, W. VA. Hot and Cold Rolled Steiniess Strip Steei—Alioy Strip Steei—High Cerbon Strip Steei—Gelvenite Specie! Costed Products—Cooperege Moop— 
Electrica! Steel Sheets—Hot Rolled Annesiod end Deosidized Sheets—Gsivenized Sheets—Enemeling Grede Steei—Weided lubing—Gelvenized end Febricated Steet Strip— 
Steel Strapping, Tools enc Accessories 
DISTRICT SALES OFFICES: Chicago, Itl_, Cincinnati, O., Cleveland, O., Dayton, O., Detroit, Mich. indianapolis, ind., Milwaukee, Wis, New York, N.Y. Priledeiphie, Penne. 
Rochester, N. Y., Los Angeles, Callf., San Francisco, Calf. St. Lowls, Mo., Montres!, Que, Toronto, Ont 


Propucr Encineertnc — May, 1950 











Finer Control, Smoother 


Control and Longer Life 


« 


because of solid 
rectangular contacts 


The greater number of solid rectangular contacts gives 
Ward Leonard multi-step rheostats finer contro] with 
smoother contact arm operation—and with all the ad- 
vantages of the Vitrohm construction. 

The solid metal contacts, connected to the resistance 
element by a patented Ward Leonard method and em- 
bedded in vitreous enamel—assures a mechanically and 
electrically perfect joint for long and constant service. 

Write for Rheostat Catalog. Ward Leonard Electric 
Co., 63 South Street, Mount Vernon, N. Y. Offices in 
principal cities of U. S. and Canada. 


WARD LEONARD 
ELECTRIC COMPANY 


PR eile E ry iccezed Cortiol 


Split Thrust Washers 
Install Easily 


Designed to facilitate repair, these 
split thrust washers allow replacement 
without dismantling machinery. The 
split washer is slipped over the shaft 
and locked in place with the safety 
key. This item is manufactured espe- 
cially for heavy construction machin- 
ery, material moving equipment, 

| power house and pump installations, 
plant machinery, and oil field equip- 
ment 

These thrust washers are made of a 
special bronze with high purity copper, 
tin, and lead, and containing a mawxi 
mum of .2 percent impurities. They 
can be supplied in any — size, 
made to order on specification 


Saginaw Bearing Co., 821 S. Water § 
Saginaw, Mic 


Compactible 
Stainless Steel Powders 


These new stainless steel powder 
types feature a high rate of compact 
pality which allows the pressing of 
more intricate shapes than previously 
possible with stainless steel powders. 

The company claims a_ green 
strength—that is, the strength of the 
pressed compacts before sintering—o! 
up to 15 times that of ordinary stain 
less steel powders. The chemical an 
alysis of the new powders corresponds 
to that of standard chrome anc 
chrome-nickel steels, and parts pre 
pared by pressing and sintering the 
powders exhibit the high mechanical 
strength and corrosion resistance char 
acteristic of these compositions. The 
new powdered stainless steel meets all 
requirements of the powder processing 
industry 


American Electro Metal Corp 
320 Yomkers Ave., Yonkers 2, N. Y. 


Composition Lining 
Resists Corrosion 


This carbon-compound lining ma- 
terial is offered for use with steel and 
wood tanks to resist corrosion from 
most equipment eating substances 
acid, alkali, salt and solvent solutions 

up to 250 F. The manufacturer 
should be consulted for full informa- 
tion on corrosion resistance 

Wood surfaces should be dried by 
kerosene torch or sunlight before ap- 
plication of the basic coat. The coat- 
ing, applied with a trowel, will harden 
in 24 hours at normal temperature. If 
a slick surface is desired, a second coat 
of finishing material, also furnished 
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by the manufacturer, can be used. | 


Both materials are prepared by mixing 


powders and solvents at the job. Most | 


old tanks will need only the bottom 


and the lower 18 in. of the inside | 


walls finished, but if the entire tank is 
lined it will be necessary to coat the 
outside to prevent the staves from dry- 
ing out and causing cracks in the lin- 
ing due to shrinkage. A vinyl base 
point will be satisfactory. 


Steel tanks must be cleaned and 


wire-brushed or sandblasted before 


treatment. Two coats of a special | 


primer are then applied. These will 


normally dry within 24 hours, al- | 
though infra-red lamps may be re- | 


quired in cold weather. With this 
a. the surface is then lined 
wit 


the basic ne compound, | 


which is troweled on, as in the case of 
the wood tank. The coating is made 
about , in. thick. While the coating 
is still soft, a layer of fiber-glass cloth 


js pressed on top and allowed to | 
harden in place. Another bb in. coat- | 

nd is then | 
> pee over the fiber-glass. As before, | 
i 


ing of the basic compou 


a smooth finish is desired, one or 
two coats of a special finishing com- 
pound can be applied. The final coat 
of basic compound or finish should 
dry for from 24 to 48 hours before 
the tank is put into operation. 


Carboline Co., 7603 Forsyth Blvd., | 
St. Louis 5, Mo. | 


Terminals Feature 
Thermoplastic Resin 


These multi-electrode hermetically 
sealed terminals are designed to meet | 


Army-Navy seal component specifica- 
tions. Thermal and electrical insula- 
tion characteristics are obtained by the 
use of a special trifluorochloroethylene 
thermoplastic resin in the terminal 
heads. 


Operating potentials are 3,000 v at | 
sea level to 1,500 v at 50,000 ft. | 


Current rating is 15 amp rms, while 
temperature range is from +200 C to 


—195.8 C. Insulating’ resistance is | 


1,000,006, meg-ohms und water ab- 
sorption is 0.00. The terminals are 


available with 3 to 9 leads of standard | 


or special design. 


Molding Corp. of America 
50 Weybosset St., Providence, R. I. 


Electrical Reset Register 


Called the Model 1238, the device 
permits a choice of three types of 
register actuation and, for added con- 
venience, can be reset automatically in 
approximately one second with a 
switch on the front panel or from re- 
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ENAMEL —~_ 


TERMINAL 


«STOPS 
COMPLAINTS 


because exclusive ‘‘component- 
matching” prevents failures 


The sure way to avoid trouble due to resistor failure is 
to use the resistor with the matched components. 

Ward Leonard alone makes—not just assembles—all 
the components of a resistor. (Wire is drawn to Ward 
Leonard specifications.) This means thai all compo- 
nents are balanced in respect to thermal coefficient of 
expansion and other factors affecting service life. No 
loosening, no failure—because all parts react the same 
to their “environment.” 

Write for bulletin on Vitrohm Resistors, WARD 
LEONARD ELECTRIC CO.,63 South Street, Mount Vernon, 
N. Y. Offices in principal cities of U. S. and Canada. 


WARD LEONARD 
ELECTRIC COMPANY 
|: la Ee ae 


WTROL DEVICE 











ty M IT H ™ re re) R re) N A Typewriter case of Royalite made for the Smith-Corona Portatile 


SELECTS 


FUNCTIONAL, 
DECORATIVE 
THERMOPLASTIC 


UNITED STATES RUBBER COMPANY 


2638 NORTH PULASKI ROAD + CHICAGO 39, ILLINOIS 


L. C. Smith and Corona Typewriters, Inc., are just ome 
of the many leading manufacturers who selected strong, 
beautiful Royalite for use with their products. 

This remarkable thermoplastic combines the best 
qualities of synthetic rubber and plastic. It can be 
formed into simple or complex shapes; sawed, sheared, 
drilled, punched, sanded, sewed, cemented, polished. 
It can be produced in almost any color, in smooth or 
grained finish. 

Royalite is lightweight, non-corrusive, with a very 
high impact strength. It is an excellnt heat or cold insu- 
lator, with good dielectric qualities. It comes in sheers 
any thickness from .0312” to .500”, in any color, solid 
throughout its thickness. 


Kitchen Sinks for Seats or Trailers 
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CONSULT THESE EXPERIENCED 


FABRICATORS 


CALIFORNIA 
Alhambra Plastic & Mfg. Co., 
2015 N. Marianna Ave., 
Los Angeles 32 
Horace L. Blackman Co., 357% 
N. Beverly Dr., Beverly Hills 
Cc. K. Castaing Studio, 
17862 S. Huntington Beach 
Bivd., Huntington Beach 
National Hollywood, 1475 El 
Mirador Drive, Pasadena 2 
Peninsula Plastics Co., 2901 El 
Camino Real, Redwood City 


COLORADO 

Pikes Peak Plastic, 5 W. Cuchar- 
ras St., Colorado Springs 

Plasticraft Co., 2806 N. Speer 
Bivd., Denver 


CONNECTICUT 
Colt’s Mfg., Hartford 15 


GEORGIA 


Gladwin Plastics, 542 Courtland 
St. N.E., Atlanta 


ILLINOIS 

Arrem Plastic, 1539 N. Throop 
St., Chicago 22 

Croname Inc., 3701 Ravenswood 
Ave., Chicago 13 

G. Felsenthal & Sons, 4100-4118 
W. Grand Ave., Chicago 51 

Lamicoid Fabricators Inc., 4545 
W. Cortland St., Chicago 39 

Neo Products Co., 2534 So. 
Kedzie, Chicago 23 

Northwestern Plastics Inc., 2535 
W. Washington Bivd., 
Chicago 12 

Precision Plastic Products Inc., 
628 W. Lake St., Chicago 6 


INDIANA 

General Plastics Corp., 1400 N 
Washington, Marion 

Plastic Mfg. & Designer Corp., 
422 W. 9th St., Indianapolis 6 


MARYLAND 


Fawn Plastics Co., 2902 Hamilton 
Ave., Baltimore 14 


MASSACHUSETTS 


Koehler Mfg. Co. 
Marlboro 


MICHIGAN 

Cadillac Plastic Co., 651 W. 
Baltimore, Detroit 2 

Detroit Macoid Corp., 12340 
Cloverdale Ave., Detroit 4 

Imperial Industries, 4435 Walker 
Ave., Wayne 


OF ROYALITE 


Klise Mfg. Co., 50 Cottage Grove 
S.W., Grand Rapids 2 

Woodall Industries Inc., 7565 E. 
McNichols Rd., Detroit 34 


MINNESOTA 


Plastics, Inc., Chestnut & Ryan 
Sts., St. Paul 2 


MISSOURI 

Plastic Design Co., 322 Clark 
Avenue, St. Louis 2 

Regal Plastics Co., 710 Main St., 
Kansas City 

NEW JERSEY 

Thermacote Co., 320 Jefe-son St., 
Newark 5 

Van Beek Industries, 23 Park St., 
Orange 


Wood's Plastic Inc., 410 Freling- 
huysen Ave., Newark 5 


NEW YORK 


Bassons Molded Products, 1424 
W. Farms Road, New York 60 


Blue River Plastics, 329 Canal 
St., New York 13 

Curbell Inc., 1700 Elmwood Ave., 
Buffalo 7 

Dual Fabricators Corp., 808 
Driggs Ave., Brooklyn 11 

Dura Plastics Inc., 1 W. 34th St., 
New York 1 


Steiner Plastics Mfg. Co., 47-36 
33rd St., Long Island City 1 

OHIO 

Fabri-Form Co., Box 36, 
Cambridge 

OKLAHOMA 


Magic Circle, 6224 East Admiral 
Place, Tulsa 15 


PENNSYLVANIA 


Lee Plastics, A and Lippincott 
St., Philadelphia 34 


Halsen Mfg. Co.. 5919 Webster 
St., Philadelphia 
TEXAS 


Glow-Lite Plastic Arts Co., 715 
So. Comal St., San Antonio 5 
Plastic Engineering Co., 
2101 69th St., Houston 11 
Plastic Products of Texas, 3319 
Love Field Dr., Dallas 


WASHINGTON 

K. B. Plastics, Inc., 1817 So. Ist 
St., Yakima 

WISCONSIN 


Midland Plastics Inc., 227 N. 
Water St., Milwaukee 2 


The United States Rubber Company at 2638 North 


Illinois, hes pl Engi ring, 
assist fabricators on the technique 
most efficiently with ROYALITE. 
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motely located contacts. Accurate 
counting from 1 to 999,999 atwup to 
12 counts per second is possible. Re- 
liable register actuation is obtained 
with as little as 10 Ma. at 50v or with 
external contacts utilizing the build-in 
dc supply. The unit operates on 105- 
125 v, 50-60 cycle alternating current 
and draws 5 watts during normal of- 
eration, 30 watts maximum during 
resetting. A major advantage pointed 
out by the manufacturer is the ability 
to interlock this reset mechanism with 
other controls to minimize possibility 
of error 
Atomic Instrument Ce., 
160 Charles St., Boston, Mass 


Electric Counter 
Mounts Flush 


A small electric counter for panel 
mounting and for built in applications 
has been developed. The unit is per- 
manently enclosed in a metal case 
with plastic window. Non-resetable, 
it counts to 99,999 before repeating, 
and is tested by the manufacturer at 
600 counts per min. The overall di- 
mensions are 23 by 13 by 2} in., and 
electrical specifications allow for use 
on 6, 24, 30, 115, and 230 volts ac and 
on 6, 24, 30 and 115 volts dc. 


Production Instrument Co., 
702-10 W’. Jackson Blvd., Chicago 6, lil. 


Switch Operates 
At Two Pressures 


This pressure switch is designed to 
operate at any two predetermined pres 
sures. "A diaphram sensing element 
operates two SPDT snap-action switch 
ing elements at any two independent 
pressures. Six classes of switches are 
offered to provide adjustable ranges 














} 

i fini designs with 

‘ACE MOLDED 
HARD RUBBER 


Heres an “idea kit” guaranteed to stir your imagi- 


nation and give you a hat full of hints for improving your products 
with strong, durable, corrosion-resistant, and electrically excellent Ace 


Hard Rubber. Yes, a few of the newer Ace plastics are included, too. 


The kit shows how every property of hard rubber can be used to best 
advantage. It demonstrates cost-saving hints in molding, and shows 
a wide variety of design techniques, including inserts, shrink fits, ma- 


chined parts, extruded parts, parts that are blown like glass bottles, etc. 


Our sales engineer in your territory will be happy to spread these ideas 
out on your desk at the drop of a postcard. If you have a particular 
problem in mind, mention it. Chances are we've done something 
similar in our 98 years and can bring a sample of 


that along, too, Write today. 


Have you a copy of the Ace Hard 
Rubber & Plastics Handbook? if not, 
just ask. 








HARD RUBBER ond PLASTICS 


MERICAN HARD RUBBER COMPANY 


11 MERCER STREET © NEW YORK 13, WN, Y. 


| from 2 in. of water to 100 psi, with 


proof pressures up to 120 psi. The 


| mechanism is designed for use as a 
| warning signal, for maintaining con- 


stant pressure bétween two limits, or 


| as a sequence control. Housing dimen- 
| sions are 3 in. diameter by 4} in., 


overall. The weight is 12 oz. Pressure 
connections have 4 in. internal thread, 
while electrical connection is through 
4 in. conduit connector. 


Meletron Corp., 950 N. Highland Ave., 
Los Angeles 38, Cal. 


| Composition Sealed 
Bearings 


Called “composition sealed’’, these 
ball bearings use an oil resistant rub- 
| ber coated fabric in contact with a 
specially formed metal shield. The 
new design is claimed to effectively 


retain lubricant and exclude foreign 
material, performance advantages that 
are necessary requirements for many 
bearing applications. The new compo- 
sition seal has been applied to series 
1600 and 3000 bearings. Series 1600 
are “ground all over” precision annu- 
lar bearings while Series 3000 are in- 
expensive unground radials of the 
same “precision type’’, as illustrated. 


Nice Ball Bearing Co., Philadelphia, Pa. 


Electronic Relay System 


This new electronic relay system op- 
erates from a 115 v, 50-60 cycle line 
and uses no filament to draw standby 
power with the relay circuit energized 
Operation is initiated by the contact 
of a drop wire, contact-making instru- 
ment, or any conductive medium be- 
tween the two contacts having a re- 
sistance as high as one million ohms 
Maximum current flow through the 
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Pressure Vessels for the Chemical 
and Allied Industries. 


Boring Crank Shaft Bearings Thousands of Steel-Weld Fabricate! parts and 
=A hag eal  oa major assemblies are produced each year by the 
Fork cons one ke Seat Mahon organization for manufacturers of heavy 
aie Pecision of The RC. =machinery and equipment throughout the country 
...some of these assemblies run into hundreds 
of tons and involve many problems which demand 
skillful designing and advanced technique in 
Dierel Crank Cases ond fabricating procedure. Steel-Weld Fabrication will 
aw te A celles save you money too...and, you will find in the 
Mahon Company an unusual source for welded 
steel in any form for any purpose...a source 
with complete, modern fabricating and machining 
facilities, backed by a staff of competent design 
engineers and craftsmen from whom you may ex- 
pect a smoother, finer appearing job, embodying 
every advantage of Steel-Weld Fabrication. 


THE R. CC. MAHOR COMPAHY 


Detroit 11, Michigan 


. 
Engineers and Fabricators of Steel in Any Form for Any Purpose 
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Valuable Design Flexibility 


Even For The Less Complicated Parts 
wtth 


MADISON-KiPP 
ZINC and ALUMINUM DIE CASTINGS 


The three segments of a circle here illustrated 
show bosses, beads, smooth edges, and true radii 
so necessary in washing machine service. No 
other process can provide these features so easily 
or economically. 

You may be abie to reduce the weight of your 
parts, add eye appeal, strength, and economy by 
em Madison-Kipp die castings. 

Please address your inquiries to our home office 
in Madison, Wisconsin. 


MADISON-KIPP CORPORATION 


206 WAUBESA STREET, MADISON 10, WISCONSIN, U.S. A. 


ANCIENS ATELIERS GASQUY, 31 Rue du Marais, Brussels, Belgium, sole agents for 
Belgium, Holland, France, and Switzerland. 

WM. COULTHARD & CO. Lid., Carlisle, England, sole agents for England, most European 
countries, India, Australia, and New Zealand. 


P Beall, 


O4 ee 
oN gigh 7? 
7 
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initiating resistance is in the order of 


WELDED 
microamperes. This extreme sensitiv- 


ity allows operation of the load relay 


whose silver contacts and high contact Al 
pressure allow for control with load 

currents as high as 4 amps, dependent 2 
upon voltage and load inductance. This | p / . 
makes possible the use of ordinary | 

electrical meters as primary activating 

sources in many control and alarm ap- 

plications. The load relay contacts are 

arranged to permit a choice of either 

Opening or closing a circuit, or sim- 

Mei to Open one circuit and 

close another. A “hold” circuit is 

incorporated for optional use (internal 

jumper) so that the load relay may 

remain energized from a momentary 

initiating medium or contact. When 

the hold circuit is in use, a “reset” 

switch on cover will manually restore 

the circuit to another operation cycle 


. 


Servo-Tek Products Co., 4 Godwin Ave 
Paterson 1, N. J 


Carbon Brush Shunt 


Connection Is Permanent “oy, 
| , 
Manufacturer's tests show that this 


new carbon brush shunt connection | V4" to 4” ©. D. 9 to 22 gauge 


will not pull or jar loose from the 


brush, and will maintain its original SQUARE-RECTANGULAR pee gery i. 


millivolt drop. It is also designed to 2 
avoid oxidetion and to remain unaf- | ¥2" te 2” 20 gauge 1” to 2%”, 14, 16, 18 gauge oe “wd } a Be ge 
fected by extreme operating tempera- | Case be Bad, ANGEL, EXPANDED, TAPERED, DePRess eaves, ™Onufacturers specify MICH 
tases ROLLED, EXTERNAL UPSET, INTERNAL UPSET, spuN CLoseD, Forces, GAN TUBING. No matter 
United States Graphite Co, | “4% RANGED, FLATTENED, SwAGED, nuTEO, Exrano seacen «= the: product—bicycles, tools 
Saginaw, Michigan elevators, lawn mowers— 
MICHIGAN TUBING is an eco- 
RY ws \, Consult us for engineering ond nomical, efficient solution to 


Cylinder and Shaft Seal Vatnes tapades anataraieie manufacturing problems. 


Resists Corrosion 









ane Sie 
- 





This new 3 piece cylinder and shaft 
- 


seal is adaptable to production in non 
corrosive material and practically any y 
metal alloy. Consisting of one inner ace onl STEEL T BE » PRODUCTS CO. 


ring, with two close fitting outer 
rings, the unit is designed to eliminate 33 Yours is the Business 
blow-by, by staggering the two outer RA 9450 BUFFALO STREET + DETROIT 12, MICHIGAN 
rings. FACTORIES DETROIT, MICHIGAN + SHELBY, OMI 
DISTRIBUTORS: Stee! Sales Corp . Detroit St. Louis, 
to-Di nd —Miller Stes! Co., Inc. 
The Auto-Diesel Piston Ring Co., fete 8 Cee. - a tis. | Ohio 


3145 Superior Ave., Cleveland, Obio Co., Lew Calif —Aoaione T 
yy ubular & Steel Pr Products Go., Pittabusgh, Pe — 















“Beware of little expenses! 
A small leak will sink a great ship.” 


—Ben Franklin's Aimanac, 1757 


One penny dropped maketh not much noise but thousands of pennies dropped 








Dear Sir: In these days of rising costs, 
you can’t afford to pass up the savings 
you may be able to make in any part of 
your business. 


Here at Acme Steel Company, we have 
shown more than 50,000 customers how 
to cut costs, save time, labor and materi- 
als with Acme stitching machines and 
wire, Acme flat steel strapping, and other 
Acme Steel products. In 9 out of 10 cases, 
Acme sales engineers are able to start you 
on the road to thrifty benefits. 


Some specific examples of what we can do 
are shown here. It takes only a minute to 
read them—and not much longer to pick 
up your telephone and call the Acme Steel 
Company service office nearest you. (There 
are 46 of these offices in the principal 
cities of the U.S. and Canada.) Or mail the 
coupon today for more information and de- 
tailed case studies in your particular field. 


Of the 3759 Acme Stee! employ- 
ees, 318, or 8.5%, have worked 
with Acme for more than 25 years 
each and are members of our 
Quarter Century Club. Taeir tota! 
service represents 8618 years 

tribute to “A GoodPiace to Work.” 


| over the year maketh a big bang before ye annual stockholders’ meeting. 


—Acme Steel's Notebook, 1950 








pot ladder, with wire stitching 
Bardwell & McAlister, Inc., 
Burbank, Calif., fasten rubber 
feet to aluminum ladders in a 
single operation with an Acme- 
Morrison Metal Stitcher. 











sets assembly records 
Manufacturers report greatly 
increased production, and ma- 
terials savings up to 50°. using 
Acme- Morrison Metal Stitch- 
ers to fasten metals to other 
materials. 











ATTACH THIS COUPON TO YOUR BUSINESS LETTERHEAD 
ACME STEEL COMPANY, Dept. PE-50, 2838 Archer Avenue, Chicago 8, Illinois 


We fact 

) Please have sales engineer call. 
Product fe yO ‘Acme-Morrison Metal 

QO Stitchers’’—for savings in fastening metai-to- 
metal or materials. 


O Penge Sune Ss 
Sroslstren 





id customer good will with Acme CO seme o 
ers savings in the graphic arts 


POSITION 


NAME____ 
COMPANY 





Please send me booklets on Acme Methods checked. 


petaying Castond and LC.L.)—“Acme Unit- 
0 - oy EL damage ciaims and 
better handling for shi 


TS at 
tnd Aeme-Champion Stitchers. 


—*Acme-Morrison Book Stitch- 
field. 








STREET 





CITY ZONE 





200 








MEETINGS 





May 5-6 
AMERICAN PuysicaL SocieTy—Na- 
tional Meeting and Midwestern Con- 


ference on Fluid Dynamics, University 
of Illinois, Urbana, Ill. 


| May 9-11 


CONFERENCE ON IMPROVED QUAL- 
try ELECTRONIC COMPONENTS. Spon- 
sored by AIEE and IRE. 1317 F St., 
N.W. Washington, D. C. 


May 25-27 
SociETY FOR EXPERIMENTAL STRESS 


ANALYsis .— Spring Meeting, Hotel 
Statler, Cleveland, Ohio. 


May 29-June 9 
CANADIAN INTERNATIONAL TRADE 


Fair—Exhibition Grounds, Toronto, 
Canada. 


June 4-9 
Society oF AUTOMOTIVE ENGI- 


NEERS—Summer Meeting, French Lick 
Springs Hotel, French Lick, Ind. 


June 11-15 


AMERICAN ELECTROPLATERS’ So- 
cieTY—37th Annual Convention, Ho- 
tel Statler, Boston, Mass. 


June 12-16 


AMERICAN INSTITUTE OF ELECTRI- 
CAL ENGINEERS—Summer and Pacific 
General Meeting, Huntington Hotel, 
Pasadena, Calif. 


June 19-23 
AMERICAN SOCIETY OF MECHANI- 


CAL ENGINEERS—Semi-Annual Meet- 
ing, Statler Hotel, St. Louis, Mo. 


June 22-24 


AMERICAN SOCIETY OF MECHANI- 
CAL ENGINEERS—Applied Mechanics 
Division Conference, Purdue Univer- 
sity, Lafayette, Ind. 


June 26-30 


AMERICAN SOCIETY FOR TESTING 
MATERIALS—53rd Annual Meeting 
and Exhibit. Chalfonte-Haddon Hall, 
Atlantic City, N. J. 


August 7-19 


INTERNATIONAL TRADE Fai — 
Coliseum Arena and Navy Pier, Chi- 
cago, Ill. 


August 14-16 


Soaety or Automotive ENGI- 
NEERS—West Coast Meeting, Biltmore 
Hotel, Los Angeles, Calif. 
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Ga ee. INBAVEG YD DATA SHEET 
Button Head and Flush Type Fittings ) N07 


it Help You Select 
Simplify ORDERING, INSPECTION and IN- Useful Information to Help 


VENTORY CONTROL. Specify Alemite and Specify the Right Alemite 
part numbers on your blueprints. Fitting for Every Bearing 


STANDARD BUTTON HEAD FITTINGS 


\%* P.T. Female | 
* P.T. % 


| 
| 


Pas 
WV VTS 
444435 


2 
a 
ze 


4 


*P. 
*-1 

$s 

*P 
*P. 
*P 
*P. 
*P 


aa 


®Wrench Size. **1871-A and 1872-A have special construction to withstand extremely high 
Recommended for use on lubri valves. 


FLUSH TYPE FITTINGS 


tDrive Fittings. 


GIANT FLUSH TYPE FITTINGS 


~wuvUT TR | 
S444+ 


*Wrench Size. **Plush Fic No Hex. 


ALE M I TE FREE Complete set of four Data Sheets simi- 


age lar to this, giving specifications on all 

Modern Lubrication Methods @ types and sizes of Alemite Lubrication 

That Cut Production Costs Fittings. Simply write to Alemite, Dept. T-50, 1850 Diver- 
sey Parkway, Chicago 14, Illinois. 
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For Unexcelled Performance 


AMAZING 
QUIETNESS 


HOOVER 
the 


winded 
BALL 
BEARING 
with 


HONED RACEWAYS 


Here are three pertinent reasons why you should 
consider Hoover Ball Bearings — with honed raceways. 
First, these bearings achieve unbelievable quietness. Second, 
they increase bearing life 90 per cent. Third they have 
a 30 per cent greater load capacity. When you specify 
Hoover Ball Bearings you secure these PLUS 
features without extra cost. 


The Hoover Engineering 
Manual gives all the facts. 
THE ARISTOCRAT Write for your copy. 





| 
OUR 
READERS 
SAY 





| There’s No Place Like Home 


SHOE SHINE BOY 

WIPE YOUR TEARS 

(Special to the Nassau Daily Review-Star) 
NEW YORK, April 5— 

Shoe shine artists may be facing a grim 
future, according to Propuct ENGINEER- 
ING, a McGraw-Hill publication. Science has 
developed a process which combines leather 
and rubber to produce a highly durable 
material. 

When soaked overnight in a rubber solu- 
tion and then vulcanized, low-grade leather 
absorbs only half as much water as un- 
treated hides and is twice as resistant to 
abrasion—bad news for the shoe-shine boys 
if footgear is made from the new material. 


Ed—We didn’t think this could hap- 


pen, but . . . you never know! 


Safety Factors for Springs 


To the Editor: 

I have examined with considerable 
interest the Reference Book Sheet on 
“Maximum Design Load vs. Tempera- 
ture for Springs” by O. G. Meyers in 
your December 1949 issue. It appears 
to me that the author has omitted the 
following important factors govern- 
ing spring design: 

(1) The author does not take into 
consideration values of safety factors 
depending on nature of duty for 
which springs are required. These 
factors should range from two to five. 

(2) Severe stress drops affected by 
elevated temperatures are not in ac- 
cordance with recent material tests. 
There should not be a stress drop in 
material heated up to 200 F. There- 
fore, the allowable stress drop from 
180,000 psi to 70,000 psi is ques- 
tionable. 

(3) It is not clear to what spring 
material sizes the values of allowable 
nominal stress correspond. With the 
same factor of structural safety, say 
three, the actual allowable stress in 
0.014 in. music wire is 325,000/3 — 
108,330 psi. For a ,,-in. wire, the 
stress will then be 236,000/3 
78,670 psi, a 37 percent deviation 

(4) It would be helpful to have 
data for the Modulus of Elasticity as 
affected by elevated temperatures. 

(5) The formula for allowable 
spring force ‘used in the chart neglects 
stress correction factors. The actual 
stress is higher. The following ex- 
amples demonstrate the questionable 
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* How to raise gears to live and work together 


Heres A Pair of twins and a set 
of “quads” born and raised to live 
long and work well as a team. They 
come from a long-lived family of 
products that has earned a repu- 
tation for staying on the job. 
“Double Diamond” is the name. 
No one factor is responsible 


for this. Rather it is the hard day- 
to-day job of holding to one set of 
standards in all manufacturing 
processes. Each individual Double 
Diamond employee knows that his 
job is just as important as any other 
to the performance of the final 

product. That’s our idea of the 


way to make gears. And if gear per- 
formance has a bearing on the 
performance of your products, on 
the integrity of your trade mark, 
we'd like to do business with you. 

A letter or phone call will place 
our engineering department at 
your service, 


Made by 


Automotive Gear Works, Inc. 


eeeeese FOR AUTOMOTIVE 


=—=—_j 


SPUNED STEM PINION 


er 


HYPOID BEVEL zero. BEVEL STRAIGHT BEVEL STRAIGHT SPUR WELICAL SPUR SPUNE SHAFT 

















The two plastic components of the 
SKJ lampholder are molded on the Stokes 








741 completely automatic molding press. 
This high-speed, high production Stokes press, installed at 
SKJ Electrical Products, Inc., New York City, operates on an 
uniuterrupted production schedule. 


Other than filling the hopper—arranged to handle full drums of molding 
powder—and removing finished parts, operator attention is at a minimum 


... labor costs are unbelievably low. 


Designed for the production of accurately molded parts at extraordinarily 
low cost, the Stokes 741 molding press is entirely automatic . . . foolproof... 
adaptable ... easily installed and operated. 


You can quickly learn if your parts 
can be more economically produced by 
automatic molding ...a profitable 
production method. Send parts 

or blueprints for a free analysis 

..- no obligation, of course. 


F.J. Stokes Macnine Co. . . . . 
patie ¢ <0 C) Send full information on Automatic Molding. 


PHILADELPHIA 20, PA C) Part or blueprint attached. 


TITLe 
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results obtained when using values of | 


allowable stress recommended by Mr. 
Meyers: 
Example 1. A compression spring 


suitable for use in a steam cylinder | 
relief valve has following specifica- | 


tions: Outside diameter, D, of 0.283- 


in. (d@) music wire spring is 14 in.; | 


maximum load, P, exerted on the 
spring is 300 Ib; allowable stress 


2.55 (D—4) oP 


fa 


S= 


Selecting ratio 


D ; 1.5 
7 ~©"o937° 


and stress correction factor 


C— 1.25 0.6 


C=? @-1 7 '# 


then 

S 60,000 psi. 

Ultimate strength of 0.283-in. wire 
in torsion is 170,000 psi. Factor of 
structural safety K is 170,000/60,000 

2.8. From the “5” curve in the 
chart, we obtain K 170,000/140,- 
000 or 1.2. 


Example 2. A compression spring for | 


an automobile engine has following 
values specified: Outside diameter D 
of the 0.331-in. chrome-vanadium steel 
wire spring is 2} in.; maximum pres- 


sure P developed by the spring is 260 
lb. The spring coils are heated to 300 | 


F. Using valves C 2.25/0.331 

6.8 and ¢ 1.26, the allowable stress, 

S, is 44,300 pounds per square inch. 
Ultimate strength of 0.331 in wire 


in torsion is 223,000 psi. Thus safety 


factor K is 223,000/44,300 5, 
which corresponds te many millions 
of load applications. According to 
curve “3” 
64,500 3.45 


Ed—aAuthor Meyers’ answers to Mr. 
Tatarinov'’s comments follow: 


(1) “The data published were col- 
lected from actual tests. The safety 
factor mentioned by Mr. Tatarinov 
seems rather high. The Hunter Com- 
pany feels that the safety factor of 
1.5 is adequate. Perhaps these high 
safety factors (3 to 5) are used be- 
cause very little fatigue data (other 
than Hunter's) are available and these 
factors are the method of making al- 
lowance for fatigue. In applying 
Hunter's design procedure, fatigue is 
taken into account and thus the smaller 
safety factor is permissible 

(2) “The curves used represent 
points of no relaxation in stress. Each 
curve is derived from a family of 
curves as shown. Referring to the 
graph and, in particular, to the curve 
at 100,000 Ib stress, it will be noted 
that this stress is maintained until a 
May, i950 
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in the chart, K is 223,000/ | 
Victor TATARINOY, | 
- | 

Pilsen, Czechoslovakia 








Dudco Vane-Type Motors operate by direct force of the fluid against the 
vanes. The fluid enters through ports which are diametrically opposed. to 
balance shait loads, and discharges in the same 
the above figure relate to fluid motor construction. Pump operction is similar. 
with the dual wanes bearing radially outward with positive forces which, 
while adequate for pressure sealing. are balanced hydraulically to eliminate 
undesirable wear producing thrust against the ring. 


CHECK THESE FEATURES 


® DUDCO MOTORS 
low as 10 or 15 RPM at high 
often eliminating the ity for 
gear reduction uusits 
Stall torques of Dudco Motors is 
over 90% of theoretical torque 
Terque trom 9 ib.-in. io 550 
lb.-in. per 100 PSI available 
Quiet operating even at 3600 RPM 
Smaller size for ease of application 
Overall mechanical efficiency 85% 
at 1200 RPM, 77% at 100 RPM after 
long use 
120 HP available at 800 RPM 
Hydrauliically balanced for long 
lite--without any mechanical means 
for holding vanes out against the 
stato: ring 

© Rugged reversible service is com- 
mon application 


rate down as 
torques 








NOTE HOW PRESSURES (P) 
AND OUTLET PRESSURES (Vv) 
BALANCE BACH OTHER 

(NO SHAFT LOAD) 


Notes inciuded with 





CHECK THESE USES 
Lumber (Resaws,  silitters, 
conveyors carriage teed 
wi rks). 

Cannery (Box dumpers, fruit 
conveyors). 

Mavhine Tools (Thread tap 
pins. jing. indexing. bend- 
ag @ ines, etc.). 
Chemical (Centrifuge, mixers, 
agitators, screw conveyors). 


Mining Equipment (Traction, 
Shoveling) 


eee ee 





Trucks (Hese reeling, con- 
veyors). 


Railroad Work Equip 
Drilling Rigs (Rotary table, 
cathead, winch) 


and many more 





DUDCO’S over 100 field representatives stand ready to assist in the application of 


Vane-Type Motors and Pumps to your equipment. 


Write today for our complete catalog and our handy fluid motor data sheets show- 
ing HP output and speed vs. volume and pressure required. 


PRODUCTS COMPANY 


1784 E. Nine Mile Road 


Please send me catalog and motor data sheets: 
Name 

Company 

Address 

City . 


Hazel Park, Mich. 








MACHINE and PRODUCT CONTROL 


SPECIFY FAWICK  - 





only in Fawick. 

360° radial contact and “even-pressure” 
axial contact insure absolute operating 
torque control and top-quality processing 
of material. Operating shocks are cushion- 
ed by the flexible rubber tube. The results 
—higher efficiency from men and machines 
PLUS improved products. 


All desirable civtch characteristics ave built into Fawick Airflex units 


FAWICK CLUTCHES = #5 + O\+c>+O"=PEAK EFFICIENCY 


| 








Yield-Point of 
+ Oil-Termpered VVire 
(0079 in. dia) 


Torsional Yield-Point Stress—psi * 1,000 











200 400 600 800 
Ternperature, F 











temperature of 150 F is reached. It 
then drops off. Thus, if the material 
were at 400 F, a relaxation would take 
place that would be equivalent to ap- 
proximately 10,000 psi. However, if 
no relaxation is permitted, then the 
stress for design should be that in 
dicated in the original data sheet 

(3) “The Hunter tests were con 
ducted on y- to }-in. wire. These 
data can be projected to other wir 
sizes. 

(4) “I believe your best reference 
for Modulus of Elasticity data will be 
found in the book on ‘Strength of 
Materials” by Timoschenko 

(5) “The formula used on the data 
sheet is the general form derived from 
basic formulas of a bar subjected to 
torsional forces. It should have a 
factor in the numerator that is called 
the stress concentration factor. Its 
usual designation is R and is referred 
to as the Wahl factor.” 


Points Well Taken 
To the Editor: 

I read with interest your February 
spread on “Operating Principles of 
Various Temperature Measuring De- 
vices’. I hope you won't mind my 
pointing out one generalization about 
resistance thermometers that could be 
misleading to a reader to whom the 
subject matter of your article is new 

You make the statement that the 
“necessarily large size of the resist 
ance element is often a disadvantage”. 
Then you say, “vibration and shock 
damage resistance thermometers”. 1 
believe you will be interested in our 
Stikon thermometer elements, Types 
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Booklet — Boiler, Heat Exchanger and Condenser Tubes 
Booklet — Stainless Steel Tubing and Pipe 

. Booklet — Mechanical Tubing Tolerance Guide 

Booklet — Tubing for the Process industries 

Booklet — Helpful Inforination for Product Designers 


. Booklet — Electrical Metallic Tubing (E.M.T.) 
. Booklet — Structural Stee! Tubing 


SNOOP aeP= 


. Pamphiet — Description of Dewey Process for Configuring 
Tubing 


9. Folder — Complete Size Range Listing 
10. Card — Core and Maintenance of Boiler Tubes 


REPUBLIC STEEL CORPORATION 
STEEL AND TUBES DIVISION © CLEVELAND &, OHIO 
Export Department: Chrysier Building, New York 17, N. ¥. 





REPUBLIC STEEL CORPORATION, Stee! and Tubes Division 
Department FF, 224 East 13st Street, Cleveland 8, Ohic 


Please send me the tubing data which | have checked below: 


Name 





Company 
Address 
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TO CLAMP SYNTHETIC RUBBER 
TUBE TO BEADED Oucr 
MARMAN UNIVERSAL CLAMPS 
CONNECT FLEXIBLE DRAINAGE TUBE 
TO STAINLESS STEEL OUTLET. 
CLAMP ESPECIALLY RECOMMENDED 
FOR INSTALLATIONS WHERE HEAVY 
VIBRATION, /RREGULAR SHAPE AND 
CORROSION ARE FACTORS. 


SUPPORTING ELECTRIC 


pRrautic LINES 
AND #Y. LT CLAMP USED IN 


AN T-8O0) 
Se anaeee wiTH HARNESS —~ 
AND BRACKET PROVIDES EFFICIE 
MEANS TO ATTACH ELECTRICAL ee 
HYDRAULIC LINES TO LANDING GE: 


STRUT. THIS ASSEMBLY pRoviDES HIGH 
SECURITY AGAINST V/BRATION wi/TH 
MINIMUM COMPLEXITY. 


THE BEST CLAMPS, STRAPS AND COUPLINGS 


MARMAN 


940 W. FLORENCE AVENUE 
INGLEWOOD, CALIFORNIA 























PN-1 and PN-2, (see cut), that com- 
pletely avoid the limitations of your 
generalized statements. These are 
probably the lightest weight resistance 
thermometers ever marketed. Their 
resistance to vibration and shock dam- 
age is such that they have been used 
successfully for measuring tempera- 
tures on airplane propellers running at 
full speed. At 70 F, the PN-1 has a 
resistance of 50 ohms; the PN-2, 200 
ohms. Both contain #30 tinned wire. 
| imagine other resistance thermom- 
eter manufacturers would also take 
exception to your characterization of 
this member of the thermometer 
1amily. For example, the Foxboro 
Company manufactures resistance 
thermometers for measurement of sur- 
face temperatures on revolving rolls, 
the sensitive element being remark- 
ably free from the limitations usually 
associated with resistance bulbs. This 
company also manufactures resistance: 
bulb thermometers that possess re- 
markable characteristics as compared 
with the conventional bulb. 
—ARTHUuR C. RUGE 
Ruge-deForest Inc 


Ed—Dr. Ruge’s points are well taken 
We welcome comments of this nature. 





Where Can I Get It 





Elusive Representative 


To the Editor: 


Kindly send us the name of the New 
York representative for Autronic De- 
velopments, Limited of Gloucester, 
England, makers of the magnetic 
clutch mentioned on page 158 > paved 
February issue. I have written to the 
New York address shown but my letter 
was returned. —N. HERMAN 

E. P. Lawson Co., Inc. 


Ed—aAfter cabling the parent office in 
England, we find that Mr. B. S. Bury, 
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A SURVEY of your aluminum castings requirements by Permite 
engineers may bring you important economies. 


Structural design recommendations, made by Permite aluminum 
casting specialists, often increase the originally planned strength and 
bring savings in metal and machining, without affecting the utility of 
the part. 

Also available to you, is Permite metallurgical cooperation in select- 
ing the best alloy to provide all the desired qualities in the casting at 
the lowest ultimate cost. 


The vast Permite foundries provide today’s most advanced facilities 
for producing aluminum castings by the permanent mold, semi-permanent 
mold, sand or die casting processes. Complete laboratory control and 
strict inspection procedures guard the quality of your castings from 
start to finish. 


Permite service and castings are helping many manufacturers bring 
costs down. Submit blue prints for recommendations and estimates on 


PERMITE oe eee mins. 
ALUMINUM INDUSTRIES, INC. 


CINCINNATI 25, ONIO 


ALUMINUM PERMANENT MOLD RAND end DIE CASTINGS HARDENED, GROUND and FORGED STE PARTS 
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IU 
Flevible wih 
COUPLINGS 


FOR POWER TRANSMISSION 


REQUIRE NO MAINTENANCE 


Patented Fiexible Disc Rings 
of special steel transmit the 
power and provide for mis- 
alignment and end float. 


Thomas Couplings have a wide 
range of speeds, horsepower 
and shaft sizes: 
VY. to 40,000 HP 
1 to 30,000 RPM 


Specialists on Couplings 
for more than 30 years 


FRICTION 
WEAR and 
CROSS. pyr) 


Gre eliminated 


Is 
“ee required 











THE THOMAS PRINCIPLE GUARANTEES 
PERFECT BALANCE UNDER ALL 
CONDITIONS OF MISALIGNMENT. 


NO MAINTENANCE PROBLEMS. 
ALL PARTS ARE 
SOLIDLY BOLTED TOGETHER. 


Write fur the latest reprint 
of our Eng‘neering Catalog. 


THOMAS FLEXIBLE 
COUPLING CO. 


WARREN PENNSYLVANIA 





the New York representative, has re- 
located his office at 47 East 64th St., 
New York 21, N. Y. 


Synthetic Rubber Polymer 
To the Editor: 


Kindly send us additional informa- 
tion on the new Arctic Weather Syn- 
thetic Rubber Polymer listed under 
Nonmetallic Materials on Page 3 of 
the January 1950 issue of Propuct 
ENGINEERING.—MADDEN T. Works 

Cameron Iron Works, Inc. 


Ed—yYou should write Firestone Tire 
& Rubber Co., at Akron, Ohio for 
complete information. 


| Photo Copier 
| To the Editor: 


In your February issue, page 210, 
| in the “Our Readers Say” columns, you 


mention the new photographic copying 
device, Contoura. 

May we please have the manufactur- 
er’s name and address so that we can 
obtain complete details regarding this 
product? —J Marosi 

Hydraulic Brake Co. 


Ed—This compact device is being 
marketed by F. G. Ludwig Associates, 
Woodbridge, Connecticut. 


Nickel-Cadmium Batteries 
To the Editor: 


After reading the article on storage 
batteries in your February issue, I be- 
came particularly interested in the 
nickel-cadmium type, the idea being 
to install one in my car. What com- 
paries manufacture this type battery? 

—HENRY LULL 
Long Island City, N.Y. 


Ed-—Mr. Carl Berg of The Nickel- 
Cadmium Company, Easthampton, 
Massachusetts; or Mr. Sven Bergstrom 
of Nife, Incorporated, Room 1002, 
165 Broadway, New York City can 
supply all the details. 


Copper Paste 
To the Editor: 


We have a production problem that 
requires brazing of a copper paste. 
The short item in the Highlights sec- 
tion of your February issue mentions 
such a paste. May we have the name 
of the supplier? —H. B. Kore 

Knapp-Monarch Co. 


Ed—Get in touch with the Metals Re- 
fining Company, 1717 Summer St., 
Hammond, Indiana. 





GRAPHITE METALLIZING 
CORPORATION 


NEPPERHAN AVENUE YONKER 


NEW YORK 
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MW’ MICROCASTINGS 
SCRAP AND TOOL BREAKAGE 


Microcas} P ‘Or. 
Utilization : 
Alloy; 
Weig At ? 


Gate Valve Ww. 


bres Stee! Valves 
ype 316 Stainless 
s 


Stee! 


WICROCAST T. M. REG. U.S. PAT. OFF 


Precision Cast Parts for Touch Jobs 


Forward-looking design engineers find that Micro- 
cast for small components offers many opportuni- 
ties for product improvement and substantial sav- 
ings in cost. This is particularly true where resist- 
ance to wear or corrosion is desired with the high- 
melting-point alloys and where the part ic of intri- 
cate shape, requiring expensive machining opera- 
tions under conventional production methods. Per- 
haps your products present a problem Microcast 
can tackle? 


Write for Free Booklet. More complete information on 
Microcast is contained in a 16-page booklet published MICROCAST DIVISION 


by Austenal Laboratories, inc., originators of the Micro- 
cast Process. This valuable booklet is fully illustrated AUSTENAL LABOBATORIZG, INC. 


and describes many applications for Microcasting as well 224 East 39th Street + New York 16, New York 


as a step-by-step description of the process itself. Write 715 East 69th Place . Chicage 37, Wlinois 
for your copy today. 
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THE COMMERCIAL GRADE 
SERIES B 
Slid 


inear motions are nearly alwaystroublesome 
Thou ’ ! of 
t 


rhyle 


pre ssive eAgineer have solved thi« 


mm of the Pre i erie A Ball 


ercial Grade 
Bushings 
mufacture 

ipport « 


i 
} 


- LOW FRICTION 
- ELIMINATE BINDING AND CHATTER 
- SOLVES SLIDING LUBRICATION PROBLEMS 
~ LASTING ALIGNMENT 
- LOW MAINTENANCE 
- LONG LIFE 


rey WC A 
lIHOMS( iV 


| Dept. F 


PROGRESSIVE MANUFACTURERS USE BALL BUSHINGS — 
A MAJOR IMPROVEMENT AT A MINOR COST 


NEW BOOKS 


Fluid Pressure Mechanisms 


| H. G. Conway, M.A., A.M.1. Mech 


E. 218 pages, 6x 9 in. Published by 
Pitman Publishing Corp., 2 W. 45th 


| St., New York, N.Y. $5. 


This book stresses the operating 


| principles of Cg Or pneumatic 
| mechanisms an 


is divided into two 
parts. The first, entitled ‘“Mechan- 


| ims” treats the basic types of equip- 
| ment used in hydraulic or pneumatic 
| circuits. Among the types discussed 


are seals, pipe fittings, valves, pumps, 


| motors, cylinders, controls and measur- 


ing devices. The majority of the 


| volume is devoted to detailed studies 


of these components. 

The second part entitled “Pressure 
Systems” contains chapters entitled 
Elementary Power Systems, Remote 
Control Systems, Electric Control Sys 
tems and Miscellaneous Systems. In 
addition, there is an appendix on the 
history of hydraulic mechanisms. 

In writing this book, the author has 
given attention to the systematic clas 
sification of the hydraulic devices 
treated. For example, in the chapter 
on valve elements, each type of ele 
ment is classified as a lift valve or as 
one of several types of kinematic pairs 


Out of My Later Years 


ALBERT LiNSTEIN. 282 pages, 6 x 9 
in. Published by Philosophical Library, 
15 E. 40th St., New York 16, N. Y. 


| $4.75. 


The announcement of a new book 
by Albert Einstein should be of in- 


| terest to any man engaged in scientific 
| work. This volume will not help you 
| to do your job better or aid one bit 


in the design of new products, but it is 
still required reading for a thoughtful 


| engineer. 


The volume deals with Mr. Ein- 
stein’s convictions and beliefs, with 
public affairs, with well-known per- 


| sonalities in the scientific world, and 
| with some of the most important 


general concepts of science. All in all 
there are sixty separate essays. They 
range from the theory of relativity to 
socialism. The section on “Science” 
covers Time, Space and Gravitation, 


| Mechanics and the Attempts to Base 


all Physics Upon It, The Theory of 
Relativity, Quantum Theory and the 


| Fundamentals of Physics, The Com- 
| mon Language of Science, The Laws 
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TUBE 





Our experience and facilities for upsetting, 
flanging, swaging, spinning, flaring, precision 
straightening and other difficult fabricating op- 
erations, make “Standard” electric weld tubing 
adaptabie to any tubular assembly or part. 


Specify “STANDARD"”—it pays! 


Sizes 4%" O.D. to 5%" O.D., 22 B.W.G. to 3 B.W.G. 
Address Inquiries to the Standard Tube Company, 24500 Plymouth Road, Detroit 28, Michigan 
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precision 
metal parts 


made by 
TORRINGTON 


You save time and money when you 
rely on our high productive capacity 
and special equipment to turn out 
precision parts made to your order. 

We produce thousands of different 
parts, For example, screw driver and 
ice pick blades are made to order for 
assembly in any type of handle. Driv- 
er points keystone or cabinet. Uni- 
formly ground edges. Winged, fluted, 
formed or milled shanks. Plain, blued 
or nickel plate finish. 

Send your prints and specifications 
today for a prompt quotation, and ask 
for a copy of “Precision Metal Parts”. 


THe Torrincton COMPANY 
Specialty Department 
554 Field Street * Torrington, Conn. 


Send coupon todcy 
for your free copy 
of this booklet. 
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| mirrors the 
| political and socia 





of Science and the Laws of Ethics, and 


| other such subjects. 


Albert Einstein does not belong to 


| that group of scholars who live in the 


“ivory tower” of their research work, 


| oblivious to the world around them. 


On the contrary, he has always been an 


| astute and critical observer of the 
| trends and needs of his time. Indeed, 
| frequently did he intervene by written 
| as well as spoken appeal, and always, 


we should like to emphasize, for a 
humanitarian cause. 

Iu this sense Out of My Later Years 
ilosophical, as well as 
attitudes of its 
author. The chapters themselves re- 
present addresses, articles, letters, ap- 
peals and miscellaneous papers here 
tofor unpublished. 


| National Reference Guide 
| For the Patent Field 


| 1950 Edition. 50 pages, 6 x 9 in. Pub- 
| lished by Paul Field, Port Washington, 
| N. Y. $2.50. 


In this annual publication, a great 
number of industries are listed to- 


| gether with their main fields of in- 
| terest, special services and other im- 


portant details. The book is intended 
for inventors who wish to find a 
market for their inventions. 
Preceding the company listings is 
an index in which all the fields of in- 
terest named by the companies in their 
listings are arranged alphabetically. 


| Each entry gives the name of the 


company or companies specifying the 


| particular field of interest and pro- 
| vides references to the pages on which 
| the listings of these concerns are 
| found. 
| can conveniently find the listings of 
| companies receptive to the kinds of 


Thus, a user of the “Guide” 


inventions he wants to submit. 


A.S.T.M. Standards 
On Petroleum Products 
And Lubricants 


Reports of AS.T.M. Committee D-2 
on Petroleum Products and Lubricants. 
750 pages, 6 x 9 in. Published by 
American Society for Testing Mate- 


| vials, 1916 Race St., Philadelphia 3, 
Pa. $5.50. 


This latest compilation of A.S.T.M. 
Standards on Petroleum Products and 
Lubricants brings together most of the 
A.S.T.M. standards, test methods, and 
specifications widely used in this field. 

Prepared by A.S.T.M. Committee 
D-2 on Petroleum Products and Lubri- 
cants, this edition gives in their latest 
form 120 standards, including 102 test 
methods, 12 specifications, two lists 





First cost 

is only a part of 
the overall cost 
of your springs 


Cost conscious spring buyers 
know that the first cost does 
not present the complete pic- 
ture of spring costs. Uniform- 
ity, ease of assembly into your 
product, on-time delivery are 
just a few of the other factors 
that can affect the ultimate 
cost of your springs. In some 
cases a minor modification in 
design can cut costs without 
any loss of quaiity. We at Ac- 
curate are confident that our 
springmaking “know-how” 
and facilities can lower the 
overall cost of your springs. 
We have done this for many 
manufacturers and will be 
pleased to cite actual cases. 
Most of all we'd like to show 
you what we can do for you. 
Phone or write today for 
prompt attention. 


Acurate 


COST CONSCIOUS QUALITY 
Since 1930 
ACCURATE SPRING MFG. CO. 
3815 W. Lake St. * Chicago 24, Ill. 
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Engineering knowledge, tooling, and production 
know-how, coupled with the most modern 
equipment available, are what it takes to pro- 
duce quality parts made from metal powders— 
and Moraine has all these in full measure. 
Naturaliy, we seek your order, provided we 
are convinced that the metal powder process 
will work to your advantage—in lowered costs 
and better performance. 


Ask Moraine whether parts you are using can 
advantageously be produced by powder metal- 
lurgy. We'll gladly accept your order— 


the shape of the part permits good die 
fill and correct density ... 


its required physical properties and 
tolerances can be obtained by our 
normal production methods . .. and 


it is to be made in quantities sufficient 
to justify tooling costs, set-up, and 
equipment loading. 


Those are the three big IF’s . . . and here’s 
another just as important: IF we accept your 
order, you can be sure, in advance of delivery, 
that Moraine parts will justify your interest 
and may reduce your manufacturing costs. 





MORAINE PRODUCTS 
DIVISION OF GENERAL MOTORS 
DAYTON, OHIO 
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THE MALLORY 
INTERVAL TIMER SWITCH 


permits sequence time control of a 
series of circuits to a predetermined 
program time cycle. It consists, basie- 
ally, of a camshaft assembly em- 
ploying a series of cams. The assembly 
is actuated by a timer mechanism, 
driven by a synchronous motor. The 
range of operations of the interval 
timer switch is great . . . basic design 
and type standardization will permit 
its economical incorporation in many 


products. 
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Mallory Timer Switches 
Lead the Way to New 
Products and Applications ! 


Mallory research and development work has improved the 
performance of many products . . . in some cases, actually has 
been responsible for the creation of totally new products. 


The Mallory Interval Timer Switch is a very good example. 
With only one exception, it has become standard equip- 
ment for every automatic washer now on the market. It is a 
“mechanical |srain” that affords a high-quality, low-cost time 
cycle ... setting the stage for the production and marketing 
of millions of home washing machines. 


That’s service beyond the sale! 


This same switch is finding other, similar applications . . . per- 
haps it belongs in your new product, Or, if your needs demand 
another type of special timer switch, let us know. What 
Mallory has done for others can be done for you! 


In Canada, made and sold by Johnson Matthey & Mallory, Lid., 110 Industry St., Toronto 15, Ontario 


Television Tuners, Special Switches, Controls and Resistors 





| P.R.MALLO 


tas a ‘ 


MALLORY & CO 


Inc 


RY & 
SRT FPA ee 
an kee 


INDIANAPOL 


. ad ; - 1s 
os ¥ "| Special 


SERVING INDUSTRY WITH 


Capacitors Contacts 
Controls Resistors 
Rectifiers Vibrators 
Power 
Switches Supplies 
Resistance Welding Materials 





NDIANA 
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of definitions relating to petroleum 


and rheological properties of matter | 
and two tentative recommended ene 


ited 


tices for the purchase of uninhi 


mineral oil for use in transformers and | 


in oil circuit breakers. Covered are 
motor and aviation fuels; diesel and 


burner fuels, kerosine and illuminat- | 
ing oils; lubricating oils; greases; | 


petrolatums and paraffin waxes; cut- 
ting fluids; electrical insulating oils; 
light hydrocarbons; hydrocarbon sol- 


vents; crude petroleum; and ther- | 


mometers. 

New material includes tentative test 
methods for: Aniline point and mixed 
aniline point of hydrocarbon solvents; 
benzene and toluene by ultra-violet 
Prog wen hydrogen in petro- 
leum fractions by the lamp method; 
oleofinic plus aromatic hydrocarbons 
in petroleum distilates; acetylene in 
polymerization grade butadiene by sil- 
ver nitrate method; oxygen in butadi- 
ene vapors by manganous hydroxide 
method; peroxides in butadiene by 
ferrous-titanous method; sodivm in 
lubricating oils and lubricating oil ad- 
ditives ; distillation range of lacquer 
solvents and dilutents; and tentative 
methods of testing and standardization 


of etched-stem liquid-in-glass ther- | 


mometers. 


Appendices include proposed meth- | 
ods of test for: Determination of | 
microcone penetration of lubricating | 


grease; apparent viscosity of lubricat- 
ing greases; sulfur in petroleum prod- 
ucts by the CO,-O, method; bromine 


number of petroleum distillates (color | 
indicator method and electrometric | 


method). Also included are proposed 
definitions, functions, types and desig- 
nations of cutting furds: 

jacket for use with motor and research 
methods to rate high vapor pressure 
fuels; method for determination of 
color index of petroleum products by 
photoelectric pt ter and measur- 


ing the temperature of petroleum and 
petroleum products. There are also 
recommendations on the form of | 
A.S.T.M. methods of test for petro- | 
leum products and lubricants. 


Phenomena, Atoms and 
Molecules 


carburetor | 


IRVING LANGMUIR, winner of the | 
Nobel Chemistry Award in 1932. 436 | 


pages, 6 x 9 in. Published by Philo- 
sophical Library, 15 k. 40th St. New 
York 16, N. Y. $10 


As stated in the subtitle, this volume 
is an attempt to interpret phenomena 
in terms of mechanisms or atomic and 
molecular interactions. Its eighteen 
chapters contain a collection of twenty 
papers, which is roughly about one- 
tenth of the papers that the author has 
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written since 1909, when he joined the 
research group in Dr. Whitney's 
laboratory. 

In this his first book, the author 
presents his thoughts, observations and 
conclusions concerning the human, 
sociological and international aspects 
of modern science. He includes a com- 
prehensive discussion of atomic pro- 
gress and its possibilities. 

Some estimate of the scope covered 
by this book is indicated by the follow- 
ing chapter headings: Science, com- 
mon sense, and decency; Discussion of 
science legislation; World control of 
atomic energy; Surface chemistry; 
Constitution of liquids with especial 
reference to surface tension pheno- 
mena; Distribution and orientation of 
molecules; Atomic hydrogen as an aid 
to industrial research; Forces near the 
surfaces of molecules; and The eva- 
poration, condensation and reflection 
of molecules and the mechanism of 
adsorption. 

A bibliography at the end of the 
book contains a list of papers pub- 
lished by the author. This extensive 
list is arranged in eight groups ac- 
one to the principal subject matter 
treated. 


Electrical Engineers’ 
Handbook 


Electric Power 


Edited by HAROLD PENDER, Dean of 
the Moore School of Electrical Engi- 
neering, University of Pennsylvania, 
and W. A. Det Mar, Chief Engineer, 
Habirshaw Cable and Wire Division, 
Phelps Dodge Copper Producis Cor- 
poration. Fourth Edition, 54 x 84 in., 
19 sections. Published by John Wiley 
& Sons, Inc., 440 Fourth Ave., New 
Yerk 16, N. Y. $8 


While this is technically the Fourth 
Edition of the Electrical Engineers’ 
Handbook, it represents only the sec- 
ond edition since the book was split 
into two sections—one on Electric 
Power, and one on Electric Communi- 
cation and Electronics. As with other 
editions, the book is the work of 71 
specialists in various fields of electri- 
cal engineering. Each section has been 
entirely rewritten. There are 19 in all: 
(1) Mathematics, Units, and Symbols; 
(2) Properties of Materials; (3) Elec- 
tric Circuits and Electric Lines; (4) 
Principles of Electro-Chemistry; (5) 
Measurements and Measuring Appara- 
tus; (6) Resistors, Rheostats, Capaci- 
tors, Reactors, Electromagnets and 
Permanent Magnets; (7) Batteries; 
(8) Direct-Current Machines and Ro- 
tary Energy Converters; (9) Alternat- 
ing-Current Generators and Motors; 
(10) Transformers; (11) Power Rec- 
tifiers and Inverters; (12) Switchgear 
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Roebling mokes a wide range of Round and 
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including copper and copper alloys. 
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for Oil-Tempered 
Spring Wire... 
and production 
records tell why! 


A MANUFACTURER'S own tests are ab- 
solutely necessary. But how his product 
performs in plants all over the country is 
the real proof of the pudding! And it’s a 
matter of record that Roebling Oil- 
Tempered Spring Wire brings users fewer 
machine stoppages, and cuts down rejects. 
Roebling has one of the largest specialty 
wire mills in America, From steel-making 
to finished wire, Roebling techniques and 
the most modern precision machines ever 
built assure a product that is always uni- 
form in mechanical and metallurgical prop- 
erties . . . that saves you preparation time 
and brings faster, smoother operation! 
Have your Roebling Field Man help you 
choose the Oil-Tempered Spring Wire—or 
other round, flat or shaped wire—that will 
be best for your product and your produc-§ 
tion. John A. Roebling’s Sons Company 


Trenton 2, New Jersey. 


ROESLING 


A CENTURY OF CONFIDENCE 


Atlanta, 934 Aven Ave. * Beston, 5) Sleeper St. * Chicago, 
5525 W. Roosevelt Rosd * Cincinnati, 3253 Fredonia Ave 
* Cleveland, 701 St. Clair Ave., N. E. * Denver, 4801 Jack. 
son St. * Houston, 6216 Navigation Blvd. * Les Angeles, 


216 S. Alameda St. ® New York, 19 Rector St 
* Philadelphia, 12 $. Twelfth St. * Portland, 
1032 N. W. ith Ave. ® San Prencisco, 1740 


Seventeenth Si. * Seattle, 900 First Avenue 8. 
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and Control Equipment; (13) Power 
Stations and Substations; (14) Power 
Transmission and Distribution; (15) 
Lighting and Heating; (16) Indus- 
trial Applications of Motors and Servo- 
mechanisms; (17) Transportation; 
(18) Electrochemical and Electro- 


| thermal Processes; (19) Rural Elec- 


TROUBLE-FREE 


for the Life of Your Product 


Seven new models—! to 65 amperes 
Millions of contacts assured 

Smaller in size—increased in capacity 
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Withstands high temperatures 
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trification Distribution Systems. 

Whereas in the Third Edition one 
author covered all types of rotating 
machinery, this edition has five authors 
discuss the various phases of that sub- 
ject. Consequently, it is a more closely 
knit and compressed volume than the 
previous ones. 


Theory and Design 
Of Gas Turbine and 
Jet Engines 


E. T. Vincent, Professor of Me- 
chanical Engineering, University of 
Michigan. 606 pages, 6 x 9 in. Pub- 
lished by McGraw-Hill Book Com- 
pany, 330 W. 42 St., New York 18, 
N. Y. $7.50. 


In many fields of engineering, de 
sign is based on empirical formulas o1 
on analytical data thet is regarded as 
the property of the concern that has 
developed it. A company develops 
design methods, chart data and em- 
pirical equations based on test results 
obtained with actual machines, and 
then feels reluctant to release such 
data for general use because of the 
excellent competitive position it places 
them in. Whether this is good or 
bad from the viewpoint of the con- 


| cern involved is subject to debate. 


There is no question, however, that 


| this tendency retards general progress 


in the specific field. An example is 
the field of steam turbine design. One 


| of the earliest texts in this field—that 
| authored by Stodola—remained one of 


the best for a long period of time. 
Even today, detailed data for steam 
turbine design is closely guarded by 


| the company that develops it. 


What is true of steam turbines is 
also true of the much newer—and 


| More spectacular—gas turbines, par- 


Spur—bevel—spiral—Zerol—worms 
and worm gears—racks—sprockets. 
All are precision cut on up-to-the- 
minute equipment exactly to your 
specifications. No limitation on gear 
sizes. Prompt quotation upon receipt 
of your sample or blueprint. 


STOCK SPROCKET CATALOG ON REQUEST 
E. B. SEWALL MANUFACTURING CO. 


696 Glendale St. St. Paul 4, Minn. 








ticularly as they apply to our aircraft. 
So it is that when Frofessor Vincent 
undertook a basic text on gas turbines 
and jet engines. That he fairly well 
accomplished his purpose, therefore, 
is very much to his credit, especially 
when advanced data on the subject is 
still pretty much in the proving ground 
stage and other data are yet to be re- 
leased because of security reasons. 
The book, as written, is intended as 
a text for the undergraduate or college 
graduate student. It is not an ad- 


vanced handbook for the designer of 


| supersonic aircraft engines. It is, how- 
| ever, a basic text, a thorough under- 
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RELIANCE DIRECT-DRIVE MOTOR 
with integrally-mounted blower 


and filter. 


‘AR ESELNEGEN! ‘ACD 


/nsulated with 
FIBERGLAS 


GLASS-BASE ELECTRICAL 
INSULATING MATERIALS 


+». another exampie of the applicatian of 
electrical 


insulating materials 


made with 


Fisercias Gaim 


to help achieve resistance to hot spo) temperatures 





A NEW MANUAL OF FIBERGLAS ASS-BASE 
MATERIALS IS READY NOW. SEND FOR YOUR COPY. 
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Reliance's new direct-drive 
motor powers Lima-Hamilton's 
“38" series presses like this. 


To help resist hot spot temperatures, 
Reliance Electric & Engineering 
Company, Cleveland, Ohio, uses in- 
sulating materials made of Fiberglas 
glass yarns in this direct-drive, high- 
torque motor. 


Especially designed by Reliance for 
Lima-Hamilton, this new motor pro- 
vides increased operating speed and 
easier control for Lima-Hamilton’s 
“38” series triple-action rege: me 
presses. But a motor with no clutc 
or flywheel, directly connected to a 
huge forming press must deliver 
peak load from 2 to 10 seconds. 
hat means fast, high temperature 
rise . .. the need for quick heat dissi- 
pation ... and Class B insulation 
made of Fiberglas glass yarns! 


Fiberglas glass insulating materials 
also are basically resistant to mois- 
ture, most acids and oils, and corro- 
sive vapors. Their light weight, plus 

reat tensile strength aie them 
ideal for the design of smaller, more 
compact electrical units. 


In the poige of your products, 


consider insulating materials made 
with Fiberglas glass yarns 


OWENS-CORNING FIBERGLASS CORP 
Dept, 607, 16 E. 5ém St. New York 22, N.Y 


*Fibergies is the trode-mork (Reg. U. S. Pot. OF) of 
Owens-Corning Fibergios Corporation for o variety of 
products made of or with gloss fibers 











standing of which would advance the 
reader a long way into the subject, 
and as a reference on the fundament- 
als upon which design is based, it 
should prove very useful. There are 18 
chapters: (1) Some Thermodynamic 
Principles; (2) Fundamentals of Gas 
Flow; (3) Jet Propulsion; (4) Power 
Plant Cycles; (5) Jet-Propulsion De- 
sign; (6) The Turbine Power Plant; 
(7) Performance Characteristics; (8) 
Typical Power Plants; (9) The 
Fundamental Principles of Rotating 
Machines; (10) Centrifugal Compres- 
"sors; (11) The Design of Centrifugal 
Compressors; (12) The Axial-Flow 
Compressor; (13) Design of Axial 
Compressors; (14) Turbine Theory; 
(15) Turbine Design; (16) Combus- 
tion Chambers, Fuel Systems and 
Fuels; (17) Materials; (18) Regen- 
erators. 

The chapters on types of compres- 
sors and compressor design, Numbers 
10-13, inclusive, are good, es is the 
group on gas turbine design and per- 
formance. Of somewhat broader in- 
terest is the description of various jet- 
propulsion devices, Chapter 5. The 
remaining chapters are somewhat 
more fundamental in nature, especially 
the review material on thermodynamics 
and heat power. 


This new book is designed to pro- 

lé- vide a text in the field of gas turbines, 

in which the theory and practical ap 

: plication of this theory to specific de 

A finer MATERIAL... A Faster METHOD espns ace presented The ides 
of an — or reaction, for example, 


SPP ; q ; treated th tically, but this is fol- 
Nickeloid Pre-Plated Metals provide the shortest distance between lowed by the pos sahayh oh bas 


raw material and finished product — just fabricate, then assemble. for success in practice. The limitations 
Thus, the lustrous, exciting beauty of Nickeloid Pre-Plated Metals | imposed on the flow-type of combus 
is much more than skin deep — Nickeloid Metals also mean lower costs, tion peccavees have been developed, 
faster production, reduced equipment needs. Nickeloid Metals are Regie ‘hoking the conditions of 
available for a virtually endless variety of applications, in sheets or coils A book of this sort is very difficult 
in a wide range of gauges and tempers, plated one or two sides, bright | to keep up to date. The field is mov- 
or satin finishes of Chromium, Nickel, Brass or Copper plated to base | ing too rapidly. But as a definite step 


metals such as Steel, Zinc, Brass, Copper or Aluminum. on the way, the book should receive 
the close attention and analysis not 


only of the specialist responsible for 
Write for new “Sampler” college engineering curricula, but also 
containing representative samples of designers in the field 
of Nickeloid pre-plated Metals, 








Reflections of a Physicist 


P. W. BrinGMAN, Harvard University 
392 pages, 6 x 9 in. Published by the 
Philosophical Library, 15 E. 40th St., 


g U 7 ; 1998 New York 16, N. Y. $5. 


This collection comprises the bulk 


AMERICAN of the non-technical writings of Dr 


Bridgman together with three papers 


here published for the first time. The 
MICKEL - CHROMIUM - BRASS - COPPER N f C K é LO i D topics range over a considerable field, 


Etectre plated 10 11 common Base but there is a certain unity in the 


Uy, sn S C '@) PA PA N y treatment in that the “operational” ap- 
S, 


proach is used throughout. It is this 
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9 LaAPLANT-CHOATE 
HYDRAULIC COMPONENTS 
on the Mandt “Swing Loader! 


ALL loading operations are hydraulic on the Mandt “Swing” 
Loader — designed with nine LaPlant-Choate Hydraulic Compo- 
nents for the easier, faster, safer operation that means more effi- 
cient performance. Mandt selected LaPlant-Choate hydraulic design 
for the extreme simplicity of fluid power control, the smooth and 
quiet operation with instant response to controls, and construction 
that insures long life with maximum of power, speed and flexibility. 


DESIGN YOUR PRODUCT WITH FULL HYDRAULIC OPERATION 
LIKE the Mandt Mfg. Co., you can design your product with all 
the advantages of LPC Hydraulic Units. Be sure you get the most 
efficient and versatile unit available — LaPlant-Choate Hydraulic 
Units have been standard equipment on LPC earthmoving equip- 
ment for over 25 years. 
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The Famous Single- 
Unit LPC Fluid Power 
Control 


Pump, valve cand ofl reserveir 
ere all cor.wined inte « single 
compect unit. This new “closed 
system” design completely 
cuminates long suction lines, re- 
duces the harzerd of leaks and 
e@ssures greatly increosed speed 
and efficiency. in odditi the 
entire unit is skillfully engi- 
neered and precision built for 
wimest simplicity, easy servic- 
ing, and long, trouble-free 
operation. 

Ask for Bulletin 8-11528 
laPlent-Cheate Manufacturing 
Ce. Inc. Coder Rapids, lowe. 
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BEAT 


FORGINGS as. 


SALES 


FEATURE 


is To USE 
MORE FORGINGS 


A REFERENCE BOOK ON 
FORGINGS FOR ALL USERS OF METAL PARTS 


60 pages of authoritative information on 
metal quality as developed in forgings 
formed through the use of closed impres- 
sion dies. Forging production techniques 
are described and illustrated; economic 
advantages of forgings are presented from 
the viewpoint of top management, design 
engineers, metallurgists and production 
executives. Your copy is ready. Fill in and 
attach coupon below to your business 
letterhead. 


@ What a forging Pas—can't be 
duplicated! No other method of 
fabricating parts utilizes fully the 
fiber-like flow lipe structure of 
wrought metals. Thus, forgin ,s 
provide matchless capacity for the 
toughest work loads and fortify 
your product for better perform- 
ance. Forgings forestall and reduce 
downtime due to failure of highly 


stressed parts; provide a factor of ; 


greater safety for men and ma- 
chines. A recheck of every stressed 
part, as well as simple handies 
and levers, frequently reveals op- 
portunities to improve a product, 
to reduce the cost of machining 
and finishing or to speed up as- 
sembly. Consult a forging engi- 
neer—only a forging engineer can 
inform you fully regarding the 
many quality advantages and cost- 
reducing possibilities that are 
obtainable with forgings. 











successes of modern physics in meeting 
revolutionary new physical situations. 
The present collection may be regarded 
as an extension of the operational ap- 
proach to problems in other fields than 
physics, including those problems 
created by the increasingly important 
social role which science is coming 


to play. 
K sampling of the chapter headings 
will give some idea of the scope of the 


- book. Some of these headings are: 


Some General Principles of Opera- 
tional Analysis, Science: Public or 
Private ?, Statistical Mechanics and the 
Second Law of Thermodynamics, On 
the Nature and the Limitations of 
Cosmiral Inquiries, The Struggle for 
Intellectual Integrity, “Manifesto” by 
a Physicist, Scientific Freedom and Na- 
tional Planning, The Prospect for In- 
telligence, and New Vistas for Intelli- 
gence. Three of ee are here 
published for the first time: The 
Strategy of the Social Sciences, Scien- 
tific Freedom and National Planning, 
and Sentimental Democracy and the 
Forgotten Physicist. 


The Organization of 
Industria! Scientific 
Research 


C. E. KENNETH MEES and JOHN A 
LEERMAKERS. 383 pages, 6 x 9 in. 
Published by The McGraw-Hill Book 
Company, 330 W. 42nd St., Neu 
York 18, N. Y. $5. 


This second edition is essentially a 
new book; the first edition was pub- 
lished in 1920. Tne text presents an 
account cf the history and develop- 
ment of industrial scientific ronan § 
the general principles of its conduct, 
and an analysis of the methods actually 
used for the organization and opera- 
tion of industrial research laboratories 

The authors have selected material 
that will be of value not only to those 
engaged in the conduct of industrial 
research but also to the business execu 
tives who are concerned with the 
operation of departments responsible 
for research and development. In ad- 
dition to their own experience, the 
authors have been able to make use 
of much material supplied by many 
others engaged in the direction of in- 
dustrial research. 

Divided into three parts dealing 
with general principles, agencies for 
the conduct of industrial research, and 
the organization and operation of in- 
dustrial laboratories, respectively, this 
revised edition covers all steps in the 
organization and operation of an in- 
dustrial research laboratory. 

Included in the volume are descrip- 
tions of the setup of such agencies as 
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To win the approval of manufacturers to the 
point where their specification sheets indicate a 
preference for your product implies more than 
mere excellence of design. Delco, for example, 


has won the approval of appliance manufac- 
turers in two ways: 


First, by making millions of motors which have 
proved their dependability on millions of appli- 
ances over a long period of year . 


Second, by maintaining a flex bility of supply 
which functions even when wuusual conditions 
in the market necessitate changes in specifica- 
tions and deliveries. 


The experience of others is often the best guide. 
Delco motors, designed to meet specific torque 
and service requirements, are available in sizes 
from 1/8 h.p. up. 


For complete information on 
all types and sizes of Delco 
motors contact the nearest 
Delco office listed below. 


DELCO MOTORS 


DELCO PRODUCTS 
Division of General Motors Corporation, Dayton, Ohio 
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government laboratories, research as- 
sociations, technological research insti- 
tutes, and industrial laboratories. De- 
tailed information is provided on the 
selection of the program, the direction 
of research, the financial administra- 
tion of the laboratory, and auxiliary 
services 


Engineering Structures 


Symposium at the University of Bris- 
tol in September 1949 which was 
sponsored by the Colston Research So- 
ciety. 260 pages, 7 x 94 in. Published 
by Academic Press Inc., New York, 
N. Y. $4. 

The objective of this Symposium 
was to bring together research workers 
from a number of different fields to 
present the results of their recent 
studies concerning the problems of 
engineering structures. Whether for 
bridges, buildings, ships, or aircraft, 
these structural problems are funda- 
mentally similar. 

In choosing the subjects, emphasis 
has been placed on problems which 
have been associated with non-linear- 
ity in structural behavior. This aspect 
of design is especially important at 
the present time, for this characteristic 
has been observed in members having 
large deflections and also, in cases 
where plasticity or creep has occurred. 

Following an ielitblactery talk by 
R. V. Southwell on Current Trends in 
Structural Research, the following 
papers were presented 

1. Carrying Capacity of Simply Sup- 
ported Mild Steel Beams 

A historical review is given of the 
investigations of loading beams be- 
yond the yield point. The testing done 
in this study verified the plastic be- 
havior of a member subjected to pure 
bending. The stress concentration 
produced in the region of load applica- 
tion was found to seriously affect the 
load capacity of beams 

». Performance of Laterally Loaded 
Channel Beams 

Channel shapes, made from cold- 
formed light-gage steel, are the most 
economical of the flanged type; how- 
ever, this member has a tendency to 
twist when loaded in the plane of the 
web. This article describes the work 
at Cornell University where the use 
of external bracing was studied. The 
localized maximum stress was found 
not to govern the strength of this 
structural member because of plastic 
deformation 

3 Experiments n the Flexure of 
Rectangular Box Girders of Thin Steel 
Plates 

This paper is a progress report of 
an extensive experimental program. 
It covers the results of seven tests on 
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Got any design problems 


You, too, will find 


like these? Be Aen the answer in 


expanded metal 


Perhaps you're not designing a 
metal basket or a machine guard . . . 
but whatever your project, doesn't 
EXPAND-X give you ideas? Made from 
a solid sheet of metal—slit and 
expanded—Expanp-x is the material 


of a thousand uses because it 


@ Combines strength with light weig 

@ Permits visibility and ventilation 

@ Will not revel when cut, twisted or 
welded 

@ Has a pleasing geometric-pattern 
appearance 


EXxpanp-X is available in many gauges 
and sizes; in carbon steel, stainless 
steel and aluminum—other metals 


on special order 


FREE! Mail Coupon Now! 


This book shows how 
U.S.G. exponded metols 
ore made, gives techni- 
cal dota, suggests many 
opplicctions. (T'S FREE 
—send for it today 


UNITED STATES GYPSUM COMPANY, Dept. 122, Chicago 6, Illinois 


Please send me a copy of your latest cetalog of expanded metals. 


NAME 


United States Gypsum | ’osmon—____ 
ADDRESS. 
Fer Buliding + For industry city 


Gypsum - Lime « Stee Insulation + Roofing + Paint 
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in a drawing pencil is 
in Mars Lumograph. It 
gives you the precise 
thickness and black- 
ness of line you need 
for crisper, cleaner 


prints. 


PROVE BY TRYING— 
Accurately graded in 
19 degrees from 
EXEXB to 9H — now 
packaged in metal 
boxes. If your dealer 
cannot supply you, 
write us. 


Send coupon teday 
for FREE sample. 
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8-in. square, built-up beams, 30 in. 
long: Four with thin webs (0.025 in.) 
and thick flanges (0.050 to 0.104 in.) 
and three having thin flanges (0.025 
in.) and thicket webs (0.040 to 0.060 
in.). Stress distributions and deflec- 
tions of these beams measured during 
the testing are well illustrated graphi- 
cally. 

4. Plastic Deformation of Rectangu- 
lar Plates Under Direct Loads 

A plastic flow theory is given math- 
ematically for small deformations of 
rectangular plates under uniform direct 
loads applied to all edges. This cheory 
is an extension of recent work on the 
plastic flow theory of buckling of 
plates under compressive loads and the 
Shanley inelastic column theory. 

5. Strut in a Non-linear Medinm 
and the Waves in a Tension Field 
Shear Web 

The waving of a shear web in a 
well developed tension field condition 
has not received much detailed atten- 
tion. This paper sets forth the theory 
and discusses the wave-length and am- 
plitude of the web buckles. The ten- 
sion and compression stresses along 
and across these buckles are also 
examined. 

6. Dynamic Criteria of Buckling 

The usual criterion of buckling can- 
not be rigorously maintained in sys- 
tems which are non-linear or not per- 
fectly elastic. This paper suggests 
that such systems be investigated by 
determining their motion following a 
disturbance. If the structure returns 
reasonably close to its original position 
in a reasonabie time, the system should 
be considered stable. Some examples 
are worked out with the aid of single 
degree of freedom models. 

7. Effect of Variable Repeated Loads 
in the Plastic Theory of Structures 

In the plastic theory of structures, it 
is usual to estimate the ultimate carry- 
ing capacities by considering the most 
severe load distribution only. When 
loads are continually varied a large 
number of times to the same structure, 
the ultimate capacity may be reduced. 
This paper gives a theoretical treat- 
ment which is based on an idealization 
of the behavior of steel under alternar- 
ing stresses. 

8. The Shortening Effect Feature in 
Pure Torsion 

An analysis is given to illustrate 
how longitudinal stresses arise from 
the shortening effect of pure torsion. 
After describing the existing analyses 
of this problem, the analysis is applied 
to thin-walled structural sections. Two 
sets of experiments undertaken to 
verify the accuracy of this analysis 
are described. 

9. Effective Stiffness of Stringers to 
Locally Applied Loads 

Recent failures of wide, thin sheets 
that have been reinforced with stif- 





THE “INSIDE STORY” 


on WEAR... 
TIMED _BY 


ite 


INTERVAL 
TIMER 


Focts and figures chout the weera- 
bility of paints, rubber, leother, 
electroplated or die finishes, lino- 
leum, textile fabrics, and other ma- 
terial and surfaces, can be accu- 
rately recorded with the Taber 
Abraser Test Machine, a product of 
the Taber Instrument Co. 

Typical of the wide application 
for Cramer timing equipment on 
electrically operated machines and 
processes where precision control 
of operating time is an important 
factor, the Taber Tester depends on 
@ Cromer Type IE Intarval Timer. 
Conveniently mounted on panel, 
the timer is adjusted for each test- 
ing cycle. . automatically shuts off 
instrument when end of required 
cycle is reached. 





TIMING PROBLEM P 


if the performance of your pro- 
duct depends on precision timing, 
send us ful! particulors about your 
application. In developing a 
range of devices — Time Delay 
Relays, Interval Timers, Percent - 
age Timers, Running Time Meters, 
Synchronous Motors — for o great 
variety of commercial and indus - 
trial timing duties, we have hod 
wide experience in the design of 
equipment to meet many specific 
needs .. . and will welcome the 
opportunity to assist in solving 
your problem. 


THE R. W. CRAMER COMPANY, INC. 
BOX 7, CENTERBROOK + CONN. 
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Bl aie 
pein BN 


is a: Now you can equip your machines with 


ball bearings at NEW LOW COST 


... With 


NEW EASE of 
INSTALLATION 


incorporating the fameus Fafnir Wide Inn 
Ring Ball Bearing with Self-Locking Coll 


Now you can add ball bearing performance, power 
economy and longer bearing life to your equipmen’ 
within your cost limits. A brand new, simple, 

low cost housing idea eliminates costly machinin 
makes maintenance easier. A pair of pressed steel 
flanges which can be bolted anywhere on your machi 
provides a lightweight, compact, sturdy housing 
for a standard Fafnir Wide Inner Ring Ball Bearing. 
Curved contour of inside surface of flanges mat 
curving contour of bearing outer ring to provide 
full self-alignment when installing the unit. A twi 
of the collar locks bearing to shaft. Sealed both 
sides with Fafnir Mechani-Seals . . . a labyrinth desi 
of interlocking steel plates. Wfite today for 
illustrated folder. The Fafnir Bearing Compan 
New Britain, Conan, 


FAFNIR 


BALL BEARINGS 
> 
MOST compere (FS LINE IN AMERICA 
un of 
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MGILL 


MULTIROL 


SG ILL DESIGN 


FOR CAM FOLLOWERS 


jrahook 


name one ws net ore 


series 





pbsorbs o** 


You can see at a glance the rug- 

gedness of construction which 

enables Multirol CF Series bear- 

ings to take repeated shock loads, 

even at the increased speeds 

demanded by modern machines. 

The extra heavy outer race section has a case hardened surface 
which provides extra wear, and a tougher core to resist shock 
loads, The inner race and flange, with hardened wear surfaces, 
are made of a single piece with the stud, preventing any 
possibility of disassembly in operation. Notice there are no 
delicate parts or washers anywhere, to break or cause trouble. 
The many full type small diameter rollers provide extra 
bearing surface. They are finished to precision limits assuring 
friction-free operation between the smooth ground raceways. 
Neariy twenty years successful operation in a variety of 
installations has proved the quality, construction and work- 
manship of CF Series Multiro! bearings. 





For installations where it is necessary to mount the 
bearing on a shaft, this same design is available in the 
Cam Yoke Roller (CYR) Series. For complete informa- 
tion about either type write McGill Mfg. Co., Inc. 
Bearing Division, 201 N. Campbell St. Valparaiso, 
Indiana, Ask for Bulletins CF-40 or CYR-47. 








feners indicate a need for a better un- 
derstanding of buckling. This paper 
outlines the way the foundation stiff 
ness and the wrinkle wave-length are 
affected by localized conditions of 
loading. 

10. Compression Plates as Parts of 
Structural Members 

This paper reviews recent investiga 
tions of de behavior of compression 
plates as a part of a structural member 
‘nstead of an isolated plate 

11. Investigation of Aluminum 
Alloy Riveted Joints under Stati 
Loading 

This paper deals with the behavior 
of riveted joints which are either axial 
or eccentrically loaded and designed to 
neglect frictional effects. The theory 
discussed is also, confirmed by experi 
ments. 

12. Design of Structures on th 
Basis of Assumed Deformations 

This design procedure is more or 
less an inversion of the usual method 
used for redundant structures. Method 
has the advantage of avoiding the 
complicated calculations in determin- 
ing the redundant quantities in highly 
indeterminant structuzes. It is par 
ticularly practical in structures where 
specific deformations are desirable. 


Electronics: 
Experimental Techniques 


W. C. Ermore and MATTHEW L 
SANDS, 417 pages, 6 x 9 in. Published 
by McGraw-Hill Book Co., Inc., 330 
W. 42nd St.. New York 18, N. Y 
$3.75 

This volume describes the most use- 
ful and the successful circuits for mak- 
ing nuclear and other physical meas- 
urements. These circuits should prove 
useful to students and research work 
ers in laboratories. 

In addition to the description of 
complete circuits—pulse amplifiers, 
counting circuits, sweep circuits, tim 
ing circuits, testing equipment, etc. 
the book contains a discussion of the 
circuit elements that constitute the 
basis of complete circuits. 

Many of the circuits described are 
being widely used in physics research 
today and this book constitutes a 
manual of these circuits. In addition, 
it gives an excellent background for 
the design of new circuits. 

The authors were members of the 
Electronics Group, a subdivision of the 
Los Alamos Laboratory. During de- 
velopment of the atomic bomb, this 
group devised circuits for the specific 
requirements of the various research 
groups involved in the Manhattan 
Project. 

Basically this book is a collection of 
the most important circuits developed 
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Check These Advantages of 
Redesigning Your Product wits o... 


a 











Perhaps you will find the answer to your problem,“ How 
can we give our product more sales appeal?” in the 
increasing practice of redesigning with the help of tne 
Lamb Electric engineering department. 






By using Lamb Electric motor parts or a complete frame 
motor — engineered for the exact requirements of your 
application — you may gain these advantages: 


IN THE MOTOR... 


: 1. Reduced cost, weight, space. 
a. ate. 2. Exact mechanical and electrical characteristics. 
a — 3. Thorough dependability. 


IN THE PRODUCT... 


4. Better performance. 
5. Improved eye-appeal. 
6. Compactness, less weight. 


Our engineering department will be glad to team up 
with yours to help achieve these results. 


The Lamb Electric Company, Kent, Ohio. 


| — | i$ 


we 


They're Going Into America’s Siu Products... 
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From the nation’s 
largest exclusive manufacturer of fittings 


a NEW all-purpose 
Flareless Fitting 


f 


IMPROVED DESIGN of the AFCO fiareless fitting eliminates tube gougirg and 
limits tube distortion — permits quick economical installation without 
special tools, requires no tube flaring, and is ideally adaptable to close 
quarter connections. 

LEAK-PROOF — PRESSURE-PROOF — the gripping action of the fitting sleeve 
forms a positive leak-proof seal and makes the fitting especially suitable for 
thin wall tubing of brass, copper, steel, stainless steel, or aluminum alloy. 
PRECISION MADE — AFCO fittings ace available in all popular shapes for 
tube sizes up to and including 1 inch. Special sizes and shapes for tubing 
up to two inches O.D. can be furnished. All “AFCO” fitting shapes (elbows, 
tees, etc.) are machined from forgings — all other parts are machined 
from bar stock. 

MEETS ALL SPECIFICATIONS — The AFCO flareless tube fitting meets all 
requirements of the J. I. C. Hydraulic Standards for industrial equipment 
and Specification AN-F-47. Because of close tube fit, the AFCO Filareless 
Fitting is particularly desirable in connection with food processing where 
sanitation and cleanliness are so vital. 


SPECIALISTS IN FLARELESS «+ FLARED+ PIPE+ AND HOSE FITTINGS 


The Aircraft Fitting Company 
1400 East 30th Street + Cleveland 14, Ohio 


LARGEST PRODUCER IN THE COUNTRY 
ENGAGED EXCLUSIVELY IN THE MANUFACTURE OF FITTINGS. 


during that time. Complete descrip- 
tions and theoretical discussions are 
included for each circuit. Sample chap- 
ters are: Electronic Counters, Circuit 


| Components and Construction Prac- 
| tice, Voltage Amplifiers, Power Sup- 
| plies and Control Circuits. 


| Industrial Electronic Control 


W. D. Cockrett, Industrial Engi- 


| neering Division, General Electric 


Company, Second Edition. 385 pages, 
6 x 8 in. Published by McGraw-Hill 
Book Co., Inc., 330 W. 42nd St., Neu 
York 18, N. Y. $4. 

This volume explains the funda- 


mentals of electron-tube operation and 
shows how it is applied in the basic 


| Circuits used in eee industrial 


electronic control. 
In a practical, nonmathematical 


| treatment it covers the various types of 
| electron tubes, fundamental circuit 


components, basic electronic circuits, 
and many complicated circuits which 
are typical of modern _ industrial 
practice. 

In this second edition, all wiring 


| diagrams have been redrawn to agree 


with the new ASA Industrial Elec- 
tronic Symbols. Useful information 
on many circuits, such as counters, 
clamps, switches, and gates, has been 
included, as have typical industrial cir- 
cuits in use in the paid of instrumen 
tation and motor control. 

Of great value to the industrial 
electronic engineer will be the simple 
explanation of the use of electronics 
in closed-cycle controllers, sometimes 
called fecaback amplifiers or servo- 
mechanisms. 

The new ASA graphical symbols 
for inductance and capacity have been 
adopted, and a list of questions has 
been placed at the end of each chapter 
for use in review when the book is 
used as a classroom text. The refer- 
ence lists have been revised and 
enlarged. 

Perhaps the most important addi- 
tion has been a new section on closed- 
cycle control, or regulating systems. 
Recent work in the Bell Laboratories, 
the M.I.T. Servomechanism Labora- 


| tory, and elsewhere has brought the 
| understanding of regulating and hunt- 


ing actions from the realm of the 


| graduate mathematician to that of the 


practicing electronic engineer. 
Typical sections include: Electron 


| Tubes, Circuit Components, Basic Elec- 


tronic Circuits, Closed-Cycle Control 
Systems and Industrial Electronic Cir- 
cuits. A 40-page Appendix includes: 
Nomenclature, Standard Curves, Rec- 
tifier Wave Shapes, Photoelectric 
Phenomena and Closed-Cycle or Regu- 
lating Systems. 
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SELL MORE-—rne quality of your product is reflected by the com- 
bined qualities of all the components making up your product. A skimping here 
and there lessens the costs, but often proves « costly lesson. It takes many satis- 
fied customers to make up for the loss of one dissatisfied customer. To sell more 
you must gain satisfied customers. 


tae “beats ok bb! gene bhi 


Ny r 
ot 


SAVE MORE —Many manufacturers have discovered 
the economy of using Wolverine tube as ua basis for fabricating their 
tubular parts. 

Woiverine tube can be made to assume many shapes—coils, spirals, 
coils within coils, odd bends, special end forms—and con be designed 
and produced for you with full appreciation of your requirements. 


STRIVE F ©] R — lower break-even points—for lower costs in construc- 
tion and assembly—for better products with longer life—for sharper reductions 
in maintenance and replacement costs. 


wf 
ere 


~ al 


° F ge : 
Wrbed siuhel eae - 
ee | ; ‘&: 


SEND FOR-. copy of the brochure “Wolverine Fabricated 
Tube Parts.” It shows how non-ferrous tube has been formed in various ways to 
meet our customers’ needs. It may suggest a better way of handling a component 


Wolverine Trufin ond the Wolverme Spun End Process ovo! 


of your product. Ask for a copy on your stationery, Wyorsrer TS on hp te Ainiaeeemn ane 


WOLVERINE TUBE DIVISION 
Calumet & Hecla Consolidated Copper Company 


INCORPORATED 
MANUFACTURERS OF SEAMLESS, NON-FERROUS TUBING 


1415 CENTRAL AVENUE ° DETROIT 9, MICHIGAN 
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5) =Sh...weve heard a fumor 


ere some of the many 


“COMPO” AND “POWDIRON” 
Structural Parts produced by BOUND BROOK 


@ they’re all in production—not samples 

@ all physical properties actually meet Bound 
Brook claims 

@ dimensional tolerances are held 

@ and, there’s no mystery, black magic, or blue 
sky painting in our approach to parts 


"“COMPO”—Porovs Bronze 


“POWDIRON” Sintered iron 
also Copper, Brass and many other alloys 


CONSULT OUR ENGINEERS — 


they’ve solved many 
a structural part problem 


BOUND BROOK — 





Anothe A streamlined Gen- 
asupenipaied eral Electric refrig- 
SUCCESSFUL ercted display cob- 

A : i . shipped 
MAY STEEL Sheboygen to 
Engintered Job dealers everywhere 


Maysteel’s modern facilities cre geared to do the 
job from the rough ideo right down to the fin- 
ished product . . . @ product thet con be drop 
shipped direct to vitimate user, thereby saving ex- 
cessive handling costs. You con count on Moy- 
steel's creative obility and craftsmansh!p te turn 
the trick in oll types of sheet metal specialities. 
MAYSTEEL PRODUCTS, INC., 740 N. Plankinton, 

Room 712, Milwavkee 3, Wisconsin 

Modern Plants at 
Mayville and Sheboygan, Wisconsin 





... of Buying information 


When, as he often does, Mr. Dan Dunne of 
Lighting Products, Inc., Highland Park, 
Illinois wants precise Buying Information 
about electrical components he refers with 
confidence to the eutstanding source for 
such information —McGRAW-HILL’S 
PRE-FILED ELECTRICAL CATALOGS. 
Like other executives in his industry, Mr. 
Dunne knows from experience that this 
buyers’ reference supplies most adequately 
and conveniently just the data he needs. 
Of his experience with the Catalog, Mr. 
Dunne says: 

“We consider your Catalog the 

outstanding Buyers’ Reference in 

the electrical industry.” 
If PRE-FILED ELECTRICAL CATA- 
LOGS is not available for buying refer- 
ence at your plant, write to MeGRAW- 
HILL CATALOG SERVICE, 330 West 
f2nd Street, New York 18, N. Y. There is 


no charge to qualified users. 
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@ it enables you, or your bluveprinter, 
to produce positive photographic inter- 
mediates directly . . . at a new low cost. 
@ It preserves veluable original draw- 
ings . . . cuts redrafting costs. 


@ It restores old, soiled d-awings... 
gives you cleaner, sharper prints. 

@ it gives you “photo-lasting” file cop- 
ies, which will not curl, turn yellow, or 
otherwise detericrate. 

A new illustrated booklet, ‘‘Modern 
Document and Drawing Reproduction,” 
gives all the facts on this revolutionary 
photographic intermediate material. It’s 
free. Just mail the coupon. 


A section of the engineering department 


Since 1947 the production of pho- 
tographic intermediates has been 
easier, faster, more economical for 
The Heald Machine Co. Thanks to 
Kodagraph Autopositive Paper. 

With this revolutionary, low-cost 
intermediate material, positive pho- 
tographic copies of original draw- 
ings are produced directly —without 
a negative step. 

Furthermore, Heald uses its direct- 
process machine for the exposure op- 
eration; standard photographic solu 
tions for development. And there’s 
this convenience, too: darkrocm 
handling is a thing of the past! Both 
operations are performed under or- 
dinary room light. 

How “Autopositive” is used: 
A large percentage of the precision 


The Heald Machine Company, W orcester, Mass. 


finishing machines manufactured by 
Heald are specially engineered to 
customer-specifications. And, free 
quently, Heald is requested to draw 
special units and fixtures on the cu 
tomer’s own drafting paper. The 
originals are reproduced on “Au 
positive” (for Heald’s record) a 
turned over to the customer wh 
the job is completed. 


Thus, when repair parts are 
quested or a duplicate order 
entered, shop prints can be ma 
promptly from the Autopositiv 
These new intermediates have det 
photographic black lines on an ever 
translucent base . . . will not smuc 
or smear in print production see 
out sharp, clean prints at unifo 
practical machine speeds 


Autopositive Paper 


“THE BIG NEW PLUS” in engineering drawing reproduction 


EASTMAN KODAK COMPANY 
Industrial Photographic Division 


Rochester 4, N. Y. 


UZNEN 


Name 


Reproduction” 


Position 
Company 
Street 
City 


State 


Please mail a free copy of “Modern Document and Drawing 


your new booklet on Kodagraph Autopositive Paper. 


TRADE -MARK 





oe THE HONEYWELL “077” —= 
ELECTRONIC TEMPERATURE CONTROLLER 


ry’ 

Tae all-new, low cost, precision instrument . . . designed specifically for 
those industrial applications which require exact temperature control of a 
liquid. 


Built around a quick-as-a-flash electronic unit, the “077” offers you these 
outstanding advantages: Sensitive to a signal of 2 millivolts . . . Accurate 
over a wide range, because of its precision wound potentiometer . . . Flexible 
in application, in use of sensing elements, and in control mechanisms . . . 
Rugged enough to withstand vibration, dust, dirt and dampness . . . Con- 
venient in adjustment for set point and proportional band, with provisions 
for manual or automatic operation. 


The Honeywell “077” is an important control tool for every major industry 
... a boon to product and design engineers looking for greater sensitivity at 
lower cost in liquid temperature control. Call in your local Honeywell 





engineer for detailed information today . . . he is as near as your phone. 
Write for a copy of Specification Sheet #858 . . . and ask for new Catalog 
#8303 for information on the complete line of Honeywell Control Devices. 


MINNEAPOLIS-HONEYWELL REGULATOR CO. + INDUSTRIAL DIVISION 





4459 Wayre Ave., Philadelphia 44, Pa. 


Offices in 77 principal cities of the United States, Canado end throughout the world 
. 
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MORE AND MORE HONEYWELL CONTROL DEVICES 
ARE SIMPLIFYING MORE AND MORE MACHINES 
AND PROCESSES IN MORE AND MORE INDUSTRIES 


Youll Wont There Specifications | 


Sensitivity . . . 0.1° F. 
Range . . . -20° to 300° F. 
Proportional Band . . . Adjustable, 0.1° to 40° F. 


Control Modes . . . Proportional, on-off, two position. 
Voltage and Frequency . . . 115 volts, 60 cycles. 
Output Load Rating . . . 5 amperes. 


Sensing Elements . . . Honeywell Resistance Bulbs. 





Control Elements . . . Honeywell Modutrol Valves. 


Dimensions . . . 11144” wide, 1144” high, 644" deep—for flush or 


surface mounting. 


FOR BETTER PROCESSING 
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yome high-lights on alloy steels 
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If you manufacture equipment, machinery 


~ 


or apparatus that must operate at sub-zero temperatures . . . if you are building 


tanks and vessels for the storage or transportation of liquefied gases—we can help you. 


N recent years, steels for low temperature serv- 

ice have been receiving more and more attention, 
And deservedly so. 

Their importance has been emphasized by the 
increased development of low temperature process- 
ing, as in the dewaxing of oils; by the obvious ad- 
vantages of storing, in liquefied form, gases such as 
oxygen, hydrogen, nitrogen, natural gas, propane 
and butane; and finally, by the realization of the 
imperative need for a safe constructional material 
for railroad equipment, aircraft, tractors, motor 
trucks, road building machinery and other equip- 
ment that must operate in very cold climates. 

The property which is most affected by low tem- 
peratures is resistance to shock or impact. At sub- 
zero temperatures, the mechanical properties of steel 
generally change as the temperature is lowered. 
Such properties as ultimate tensile or yield strengths 
generally will increase. However, the impact prop- 
erties may, and frequently do, drop more than would 
be satisfactory if severe shocks were imposed. 


Plain carbon steels are highly susceptible to em- 
brittlement at extremely low temperatures. Low 
carbon nickel-alloy steels, however, offer higher re- 
sistance to shock under these conditions. 

For example, the American Society for Testing 
Materials recognizes low carbon 24° nickel steel 
for temperatures down to minus 75°F. and low car- 
bon 3%°. nickel steel for temperatures down to 
minus 150°F. Recently, a new, low carbon alloy steel 
containing higher nickel content has been developéd 
which shows good toughness at much lower temper- 
atures. This steel holds great promise for those 
processes which require equipment to operate at 
extremely low temperatures. 

We manufacture these special alloy steels for low 
temperature application. They’re available in billets, 
bars, plates and other flat rolled products, also in 
forgings and seamless tubing. If you contemplate the 
fabrication or use of equipment that must operate at 
sub-zero temperature, our service metallurgists will 
gladly give you the benefit of their experience. 


CARNEGIE-ILLINOIS STEEL CORPORATION, PITTSBURGH & CHICAGO 
COLUMBIA STEEL COMPANY, SAN FRANCISCO - TEWNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM 
UNITED STATES STEEL SUPPLY COMPANY, WAREHOUSE DISTRIBUTORS, COAST-TO-COAST - UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


arilloy Steels 


ELECTRIC FURNACE OR OPEN HEARTH 


COMPLETE PRODUCTION FACILITIES IN CHICAGO AND PITTSBURGH 
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Eccentricity in the bearing shown above 
was held within .0002’”* (“practically un- 


heard of” precision for bearings of this size ) . 


Such accuracy doesn’t just “happen”. It’s 
the result of KAYDOWs development of all the 
required facilities, within this one organ- 
ization, for producing all the types and 
sizes of bearings listed below. These unique 
facilities are fortified by engineering know- 


how and broad experience in solving dif- 


B iY NON-ECCENTRIC Aeciston Lear. ug 
.. Chats what KAYDON slands for! 


ficult bearing problems. KAYDOW has its own 


modern atmospheric controlled heat treat- 
ing, hardening with sub-zero conditioning, 
precision heat treating, metallurgical lab- 
oratory, microscopy and physical testing 
facilities. 

Unbiased as to any one type of bearing de- 
sign, KAYDON always is in position to recom- 
mend the one best suited to your specific use. 


Counsel in confidence with KAYDON. 


*Ground on Frauenthal Precision Grinder 


KAYDOR Types of Standard or Special Bearings: Spherical Roller « Taper 
Roller ¢ Ball Radial © Ball Thrust ¢ Roller Radial ¢ Roller Thrust 
THE ENGINEERING CORP... MUSKEGON, MICE, 


sl 
© ALL TYPES OF BALL AND ROLLER BEARINGS 4. BORE TO 120” OUTSIDE DIAMETER « 
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NEW CATALOGS AND BULLETINS 


A Reader Service To Help Keep Your Library Up-to-Date 


i) ALUMINUM CASTING ALLOY — York 6, N. Y. 17 Batitied dations and @ date chart of bearing 
F. Jobbins Inc, P. O. eWen” tstals Ge te Bes Rte 


metals are 
describes the effects of and remedies for 
sak water and salt air corrosion in aa LEOTRIC MOTORS—The wy 4 
language of the . ite. St. Louls 2 
tw non- personnel. tBultetina 110-F, 11-F, 113-F, 114-F, ee 
tempera’ r. and die 18) VARIABLE SPEED FPULLEY p BY S nd assent ot of 
ture ects, _ 
x applications are included. Reeves ‘Pulley Go., Columbus, Ind. “Cate: coms pices, crpacier stank, 8 wy oy 


ves and power, jet 
2) ALLOY STEELS—Joseph T prinelpies Sireuts molown Cae \ieun avabae eabke tall sane photo- 
y a Box 434, Jersey City TT J. Soto Pruuiey illustrations. Installa- graghe. 
‘ormation 
ond Nikrom “M” steels is t and st pulley i) & pvpeccares of SYSTEMS — The 
les of applications. Me- dimensions. 


the, tem- 
ty ratings 





=. ELECTRONIC 2 COMMU NICA- 
10N8 EQUIPMEN a Radio Shack 
T95B eatauog. 1 163 PP. a describes, 
ves technical and price or 
on ont fe a ers Bae = electronic one 
communications equipment, covering in- 
dustrial vision, music sys- 
includes leted equi t, 
equipmen 
componen ts, pestibasn, tools, test } Nad A, —- TELEVISION — 


Diamond 
t and a book section. — - bow sr, Specialty, Corp, Lancaster, Oho, 


(4) SELENIUM what a RECTIF 


a. § “Blue 
Island ininnd Ave. Chicago, TIL 
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and 
for correct application of this insulating 
compound. 








(8) METAL CLEANING—Oakite 
ucts Thames 














VIBRATORY FEEDERS — Syntron 
Box 220, H Bulletin. 


omer City, Pa. 4 
Pp. Describes special vibratory feeders 





PRODUCT ENGINEERING 
330 West 42nd Sc. 


New York 18, N.Y. 


12) SALT WATER AND METALS—The 
nternational Nickel Co., 67 Wall St, New 








(27) PRECISION CASTINGS — Alloy 
St, Detroit 7, Mich. Bulletin, 
tages, methods 





1N 
(23) AIRCRAFT INSTRUMENT EQuir- AND VALVES SE EF. Goodrich Co. ETERS Piecher & Porter Co. Hatbore, 
ME. Lear Inc., 110 Ionia Ave. N.W., 
M Bulletin B-102, 
charts — & 
VHF navigator also offered. 


(24) SLITTING LINES FOR COILS AND 
SHEETS—The Yoder Co., 5500 Walworth 
Ave., Cleveland 2, Ohio. Bulletin, 74 pp. 
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use only the bottom card. For five to eignt pieces use both cards. 
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THE REFRIGERATOR INDUSTRY 


We have supplied the leading refrigerator manufacturers with essential 
aluminum components for many years. The illustration suggests the 
broad variety of shapes and sizes that we are producing for this field alone. 


WITH ALUMINUM PARTS 


Whatever your product may be, if it requires own modern rolling mill. Finishes? Satin, color, 
aluminum components, our diversified skills and anodic, polished or chemically brightened. Engi- 
facilities can produce them. Alloys and thick- neering? Design? Our staffs are at your service. 
nesses? What are your needs? We custom roll Your inquiry will focus our full attention on 
sheet metal to your parts specifications, in our your needs... at once. 


ESCUTCHEON » EVAPORATOR 
PLATES ' DOOR AND 
: BAFFLE .ASSEMBLY 


ICE CUBE 
BACK PLATES TRAYS 


ICE TRAY 
SPACERS 


DEFROST TRAYS c 
ICE CUBE 


STORAGE 


MEAT TRAYS 
COVERED 


LEFTOVER DISHES 
CRISPER PANS 


AND FRONTS 
STORAGE BIN 


rr Sabato), tam 





TRIMS 


STORAGE BIN 
FRONTS 





a ; 
KICK PLATES 


ALSO MAKERS OF 


MIRRO 


CONTRACT DIVISION The Finest Aluminum 


Cooking Utensils 
ALU MI 
Sb V . 
MANITOWOC WISCONSIN 


FIFTH AVENUE BLDOG., NEW YORK 10 MERCHANDISE MART, CHICAGO 54 
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Baldwin-Rex ‘-inch pitch Roller Chain is Rex Table Top Chain handles bottles through Both Rex Offset Side Bar Roller Chain and 
used to transmit power in this micro-film this filling machine. Beldwin Roller Chain are used to transmit 
power in drilling rigs. 


1000 Chatas 


to cut costs, save space, increase machine 


Did you know there were that many sizes and types of 
chains? There are ...in the complete Chain Belt Line... 
Rex Durober Combination Chain is used in and it’s an important fact to know if you're interested in 
these bucket elevators handling crushed a . e 
stone. designing for lower costs, both first and operating! 

No one type of chain is equally efficient for all power 
transmission, timing or conveying functions. A finished 
steel roller chain is ideal for high speed power transmis- 
sion, but a steel Chabelco Chain will deliver more where 


speeds are slow, operating conditions severe and economy 


important. Or, suppose the conditions involve corrosive or 
abrasive service. A Rex Cast Chain in either malleable iron 
or Rex Z-Metal is a better choice. Perhaps the problem in- 


‘ 





CHAIN BELT DISTRICT SALES OFFICES 
Economical Rex Stee! Detachable Chain is 


used in this corn sheller. Atlanta Cleveland Kansas City 

Birmingham Dallas Les Angeles 

Boston Detroit Louisville 

Buffalo Houston Midland 

Chicago indianapolis Milwaukee Richmord 

Ci Y oi i ke a Mi P a5 Salt lake City 


REX STOCK-CARRYING WAREHOUSES 


Atlanta Milwaukee Seattle 
Dallas Portland Springfield 
Los Angeles San F tT w 


DISTRIBUTORS THROUGHOUT THE WORLD 




















orev,’ -3 a> 


CHAIN BELT COMPANY — 


REX CHAIN & TRANSMISSION DIVISION BALDWIN-DUCKWORTH DIVISION 
Milwaukee 4, Wisconsin Springfield 2, Massachusetts 





24? ; re 
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REX Pintle Chains are used with wooden Baldwin-Rex Double Pitch Roller Chains Rex Steel Chabel<o Cheins are used in this 
carrier rolls in this Roller Scaider. drive the conveyors on a harvesting machine. shovel and in many other types of construc- 
machinery 


for 1001 Ways 


efficiency, improve product appearance! 


volves the conveying of bottles, jars or cans. Rex Table Top 
Chain or Baldwin-Rex Plate Top Chain is the best solu- 
tion here. 

That's why it will pay dividends in lower first and operat- 
ing costs if you carefully consider the matter of power trans- 
mission, timing or conveying in your designs. And, it will 
pay you to talk over your chain application problems with 
a Chain Belt Field Sales Engineer. Because he handles a 
complete line of chain, he can recommend, without prej- 
udice, the exact chain for your needs. Call or write the 
Chain Belt Field Sales Office near you or, if you prefer, 
mail the coupon below. 





F a 
THE COMPLETE CHAIN BELT LINE Baldwin-Rex Roller Chain Flexible Couplings 
provide true flexibility without backlash. 
Baldwin-Rex Roller Chains Rex Transfer Chains Rex Table Top Conveyor 
Baldwin-Rex Double Pitch Rex Ley Bushed Chains Chains 

Roller Chains Rex Combination Chains Rex Drop Forged Chains CHAIN BELT COMPANY 
———_ CPS Plate Top ince Oetiies Ginten — Drag Chains Le a ae anes 

Rex Cast Roller Chains on Gad Qpec 

Rex Cast & Steel Detachable Baldwin-Rex Cut Tooth 

Chains Rex Double-Flex Chains Sprockets 
Rex Pintle Chains Rex Sugar Mill Chains Baldwin-Rex Flexible I am particularly interested in 
Rex H-Type Drive Chains Rex Chabelco Steel Chains Coupling and a com- () Please send me descriptive bulletins. 
Rex H-Type Conveyor Chains Rex Offset Side Ber Roller plete line of chain () L would like to have a Rex Field Sales 


Rex Refuse & Log Hevl Chains Chains attachments. Engineer call on me regarding my chain 
application problems. 





Gentlemen: 
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A FEW OF THE COMPANIES WE ARE 
PRIVILEGED TO SERVE ARE... 


ALLIS-CHALMERS 

ALLISON DIVISION, G. M. C. 
AMERICAN CAR & FOUNDRY 
CURTISS-WRIGHT 

EUCLID ROAD MACHINERY 
GENERAL ELECTRIC 
GENERAL STEEL CASTINGS 
GOODYEAR TIRE & RUBBER 
INTERNATIONAL HARVESTER 
PRATT & WHITNEY 
THOMPSON PRODUCTS 
WESTINGHOUSE . 





« 


SEND FOR NEW 20-PAGE CATALOG! ; : TTA Tate 


MANUFACTURING CO WARREN OHIO 





140 DIETZ ROAD 
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CONTROL 


STATION | CONTROL 


p> saat 
6 ASONS + 
for choosing = 
the New Low-Cost RELIANCE —_ 


ELECTRIC TRANSMISSION “ei 











y dlutehes! 


SI ARTS withou 
Sila without mechanica 


REVERSES without use of gears or clutches! 
SPEED ADJUSTMENTS without mechanical transmissions or 
JOGGING, INCHING change of gears! 
nl) 


| brakes oF clutches! 


CREEPING without slipping clutches! 


RELIANCE 


The new low-cost Reliance V*S Drive (34 to 2 hp.) performs 
all the functions of mechanical transmissions — electrically! 
Operating from A-c. circuits, it is the ideal choice for printing 
presses, paper winders and slitters, packaging machines, indus- 
trial food mixers, machine tools, conveyors and many other 
types of equipment. Write today for Bulletin D-2101 which 


gives further details. 


Sales Representatives in Principal Cities 


RELIANCE tncinecaine co. ° 
| “Motor-Drive is More Than Power” * 1080 Ivanhoe Rood, Cleveland 10, Ohio 
245 
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REVOLUTION ON THE RATLROAD 


New-type train designed for more comfort and safety is cushioned 
on U. S. Rubber Mountings 





SWING LOW, SWEET CHARIOT! This new 
short-car, low-slung ““Talgo” experimental train* really 
hugs the road. Each short, articulated unit has special 
parts designed by U. S. Rubber to cushion passengers 
against noise, vibration and shock. It’s like riding on air. 


SEEING EYE TO EYE are these passengers and the persons stand- INSIDE STUFF. Specifically designed U.S. Rubber parts are used 
ing outside. Low center of gravity makes for more stability in this wheel assembly and spring suspension. They give a 
Each car has only 2 wheels, is supported by U. S. Rubber smoother, quieter, safer ride. You can’t beat rubber and “U.S.” 
Special Coupling unit on the car a’:ead. experience on jobs like this. 





The “Talgo” train is another example of a manufacturer 
handing a problem to U.S. Rubber Company engineers A PRODUCT OF 
and letting them apply their research data and facilities 
to the job. It will pay you to take advantage of “U.S.” 
experience and advice. Write for free new brochure, “This 
is Your Laboratory.” It tells about U.S. Rubber’s vast 
new research facilities at Fort Wayne. 
*(3 built to date) 


UNITED STATES RUBBER COMPANY 


MECHANICAL GOODS DIVISION + ROCKEFELLER CENTER, NEW YORK 20, N.Y. 
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JEFFREY cgcucers chain 


for dependable drives 


@ For example note the chain drive illustrated on this hop-picking 
machine. This is only one of hundreds of installations where 
Jeffrey Chain is handling the drive on vital production equipment 
in Industrial, Chemical and Food Plants . . . Mining and Construc- 
tion operations of ail types under all conditions. 


If you are responsible for the design and development of equip- 
ment that requires dependable chain drives, it will pay you to 
investigate the Jeffrey line of chain. Jeffrey experience in building 
chain dates back more than 65 years and our enginters are avail- 
able to work with you in determining the correct chain for your 
drive problem. Our new and improved Chain Department can 
take care of your requirements — immediately. 


Complete Line of 
Materia/ Handling 
Processing ond 


MANUFACTURING COMPANY Established 1277 


788 North Fourth St., Columbus 16, Ohio 
Baltimere 2 Chicage } Detroit 13 Jocksonville 2 Pittsburgh 22 
Birminghom 3 Cincinneti 2 Harlen Milwovkee 2 St. Lewis 1 
Boston 16 Cleveland 13 Houston 2 Mew York 7 Selt Leke City 1 
Buffale 2 Denver 2 Huntington 19 Pniladelphie 3 Screnton 3 
Jettrey Mig. Co., Ud., Heed Office & Works: Mentreol 
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Start Motors 


tor 
— Motors 


integral Mot 
> rae an-Duty Motos 


2-£ 
|. Wo. 3-F at 
O he 342-G Blow 


er Motors 
Jat Pump Motor? 


er Motors 


You cannot compare the relative 
differences of the stars with the 
naked eye. So, too, with competi- 
tive products. Externally they may 
appear similar, yet one far outsells 
the other because of efficient, long- 
term performance. The motor you 
select, can give or deprive your 
equipment of an important sales 
advantage. 


Knowing that the reputation of its 
motors is mirrored in the products 


they power, Emerson-Electric con- 
tinues its 60-year policy of ex- 
haustive research, scientific design 
engineering and precision pro- 
duction. Result, scores of America’s 
best known products are Emerson- 
Electric Motor equipped. 


Get the facts. If you have motor 
requirements in the 1/20 to 5 h.p. 
range, Emerson-Electric Motors 
deserve your investigation. Your 
inquiry is invited. 


THE EMERSON ELECTRIC MFG. CO. 
$T. LOUIS 21, MO. 


EMERSON & 


MOTORS-«+ FANS 


“250m 


pe pe _| 


ELECTRIC 


— APPLIANCES 
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Sllent 


Sleeve Bearing Torture Chamber 


Here, bearings are given really 
brutal tests. In just a few hours, 
they get a tougher workout than 
they would get in years of normal 
service, This “third degree” treat- 
ment makes any bearing tell all 
about its performance capabilities. 
Can it stand high heat? .. . heavy 
load? .. . high speed? . . . pound- 
ing? ... The research engineer an- 
swers all of these questions, and 
more. 


Because he knows that there is no 
universal bearing material, the re- 
search engineer must establish 
fields of usefulness for many bear- 
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ing alloys. Working withia the 
limits of each, he specifies which 
will be best for the particular set of 
operating conditions to be met. 


He has the answers to questions 
that may not be asked by the engine 
builders for several years. This is as 
it should be. The research engineer 


must think ahead, plan ahead, and 
have tomorrow's sleeve bearings 
ready today! 


Our engineers have had millions of 
dollars’ worth of experiexsce—take 
advantage of it in your sleeve bear- 
ing requirements! 


FEDERAL- MOGUL 


Federal - Mogul Corporation 
11043 Shoemaker, Detroit 13, Michigan 


OVER FIFTY YEARS OF CONTINUOUS BEARING EXPERIENCE 





Parker-Kalon 
GROUND THREAD 


Socket Set Screws ao 





SET RIGHT with SHOP MEN 


SEE FOR YOURSELF ! 


Send for Samples. Feel the difference thread 
grinding makes. Check the uniform Class 3 Fit. 
Notice how much smoother (and easier starting ) 
Parker-Kalon Socket Screws are, the way they 
“set up” to dependable security. Once you try 
‘em, you'll use them regularly—to speed your 
assembly work. Write for samples today. 
Parker-Kalon Corporation, 200 Varick St., 
New York 14, N. Y. 


*TRADE MARKS REG. U.S. PAT. OFF. 


\ 


P-K 


PARKER-KALON 


SOCKET SCREWS 


x Keys 


WEW... Size-marked 
a 


Engineered He 


screw sizes, ore 
ing socket set ond panne and time 


ed Hex Keys 


> Parker-K eel cose with 


. 
‘active, compact $' é, 
wen 111 ). Also avoilable in o 


hn (Set No. 45). 


SIZE-MARKED SOCKET HEAD CAP SCREWS + GROUND THREAD SOCKET 
SET SCREWS + FLAT HEAD SOCKET CAP SCREWS » STRIPPER BOLTS + 
PIPE PLUGS + HEX KEYS » AVAILABLE THROUGH ACCREDITED DISTRIBUTORS . 


> 
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WAS MAKING IND 
EQUIPMENT PA 


Better than 60 years ago, the special needs of 
communications power transmission brought about 

the invention of the original transformer. At the same 
time, KOVEN was designing and buildirig individualized 
equipment parts to solve specific manufacturing problems. 





Today, more than ever, leading equipment manufacturers are 

turning to KOVEN. They depend on our expert engineers and 
craftsmen to design and build a part or parts of equipment to 
exact specifications. Our vast facilities and perfected methods en- 
able us to turn out these parts often in less time and at a lower cost 
than would be possible in your own plant. 


Call or write KOVEN today for a consultation with a trained representative 
—no obligation. Our two modern plants are equipped with machine, weld- 
ing, plate and sheet metal, galvanizing and painting shops. X-ray inspection 
insures quality control. 


L. O. KOVEN & BRO., inc. 
154 Ogcien Ave., Jersey City 7, N. J. 


KOVEN FOR INDIVIDUALIZED EQUIPMENT 
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WHEN THE ORIGINAL 
TRANSFORMER 
WAS BUILT 


eted mixing tank made of steel. 














IF YOU’RE WASTING TIME AND TYING UP | 
A STANDBY LATHE... 


Laminated shims can stop the expensive process of cssembly, testing, 
<= a Ath fh 


g a few bly, retesting and so 
on for many enetly hours. 


DO WHAT THIS LEADING MACHINE TOOL 
MANUFACTURER DID. 


in the milling machine above, bores for inner and ovter bearings ore 

chined to one di ter in one operation. Removable end-plate permits 
boring straight through ovter beoring housing and makes assembly of 
shoft, bearing and dust sec! much simpler. SAVING: hours of machining 
and assembly time. 


AND SIMPLIFY YOUR ADJUSTMENTS BY 
USING LAMINATED SHIMS... 


Bockiosh of bevel gear ond end-play of the two shafts ore adjusted 
right ot the job by peeling 002" laminations off the shims—with a pen- 
knife. Shaft and end-plate di ions are calculated for shim thickness of 
052”. Shims ore stamped at our plant from standard .062” (Yjg") LAMINUM 
stock. RESULT: cumulotive machining tolerances of —.010 to +.020” 
cre possible. 











Send today for ovr new data file with specifications, design 
factors and applications. Sample of LAMINUM included. 





2K LAMINUM (Reg. U.S. Put. Off.) shims ore solidly 
STAMPING « GRINDING bonded units made up of .002 or 003 inch brass or steal 


with « escopic layer of metallic binder. 


METALWORKING SERVICES yer eas eee 


soos | [AMINUM 
square, shallow draw. Special equipment 

ond variety of dies can eliminate die- TWE SOLID SHIM THAT 

making for short runs. Wide stock of mo- “tuvesract 
terials. Let us quote on your diFicul! jobs. LAMINATED SHIM COMPANY, Inc. 


Glenbrook, Conn. 

















a 


STAMPINGS AN-COR-LOX NUTS 





How to 
organize, operate 


and control 


a 
product- 
design 
engineering 
department 


Here is a book that will 

show you tested methods to 

facilitate production and — 

uce costs in your 

ing department. Destgned to minimize paperwork 

| without sacrificing contro!, this book outlines the 

| basic functions necessary to all successful engi- 

| neering departments, large and small. These fun- 
damentals are discussed im full to clearly point 

| the way to smoother operation, higher production 

and greater economy in your organization. 


ENGINEERING 
ORGANIZATION 
AND METHODS 


by JAMES E. THOMPSON 
Consulting Industriel Bngineer ; Formerly Set Rg 
Booth Manufacturing Corporation: Administrative Bngi- 
neer, The Ryan Aeronautical Company 


337 Pages, 6 x 9, $4.00 


MeGraw-Hilt Industrial Or and ™ 
Series 














This practical guide analyzes each step of pro 
cedure used by successful engineering departments 
o handle prime functions and establish basic con- 
trol. In its fifteen chapters you are led through a 
complete study of your 
problems relative te 
15 Helpful organization, person- 
Chapters: nel, cost control, draw- 
ings, part numbering, 
cataloging, print con- 
trol and many other 
important subjects. It 
explains methods found 
superior in delegating 
authority, apportioning 
duties and avoiding ov- 
erlapping between sec- 
} nro Print tions. Over 150 charts 
. Advance Eng!i- and diagrams assist 
neering Informa- you in clearly under- 

Deaatag Changes standing the methods 
” "Technical described. The infor- 
mation in this book 


: poner Corstens applied to your organ- 
Engineering 





Se 2 seep ep 


= 


ization will result in 
maximum efficiency 
and cost reduction. 


10 Days FREE Examination—Mail Coupon 

















MeGraw-Hill Sook be 330 W. 42 St., MYC 16 
ENGINEERING ORGANIZA- 


age paid on cash or 
Name ...... 
Address ...... 
City and State 
Company ......... 


Position .......... FPE-5-50 
Books sent on approval in U. 8. and Canada enty. 
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WHY THE GEAR WITH A BACKBONE’ 


fits into machine design 


Here are two reasons why the Farrel-Sykes continu- 
ous tooth herringbone gear—the famous Gear with 4 
Backbene—is ideal for machine-tool applications. 


1. PRECISION GENERATION — The Farrel-Sykes 
method of generation assures extremé accuracy of 
tooth spacing, contour and helix angle. This tooth- 
to-tooth accuracy pays off in smooth, uniform power 


There are other factors which contribute to efficient 


flow. Backlash is reduced to a minimum and the load 
is distributed evenly across the entire face width. 


2. BACKBONE—The backbone, formed where the 
two helices meet without a center groove, puts the 
entire face width to work and provides extra strength 
and higher load-carrying capacity in less space ~ « 
definite advantage in many applications. 


and long gear life. Write for further information or engineer- 
problems. 


ing assistance on your gear 


FARREL-BIRMINGHAM COMPANY, INC., 344 Vulcan St., Buffalo 7, N. Y. 


Plants: Ansonia and Derby, Conn., Buffalo, N. Y. * Sales Offices: Ansonia, Buffalo, 
New York, Boston, Pittsburgh, Akron, Cleveland, Cincinnati, Detroit, Chicago, 


Los Angeles, Tulsa, Houston, New Orleans. 
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Here’s the black-on-white steel tape that you 
might say is built with “hob nails”. The name is 
WYTEFACE* “A”. 


It is made for a tough, rough-and-tumble, 
outdoor life. It is designed for dragging and for 


WYTEFACE ‘A’ IS THE EASIECT 
TAPE TO READ~ AND HAS 
ITS OWN PROTECNVE AKMOR 





other forms of degradation which an engineer's 
tape must endure. 

The explanation is: 

As a permanent and integral part of a basically 
strong steel tape which bears a lasting white back- 
ground, Keuffel & Esser have formed upstanding 
black steel numerals, graduations and edges. These 
are actually part of the steel itself, and they act as 
bumper guards to take the brunt of the beating 
and soiling that am outdoor tape has to take. These 
numerals, graduations and edges are raised like 
type, and thus protect the white background from 
abrasive wear and chipping. 


The white background is bonded to oe steel-— 
will not crack, flake or peel. 

WYTEFACE “A”, in short, has lasting legi- 
bility because it shields itself against a life of scuffs 


and scrapes. (It comes on various types <f reels.) 
*Trade Mark 
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You wouldn’t try to be Rachmaninoff without 
a piano, or a Kreisler without a fiddle. Well, who 
would want to be a draftsman without a K&E 
PARAGON?t DRAFTING MACHINE? 


This miracle machine makes you a veritable 
orchestra lerder at your drawing board. It com- 
bines T-squares, triangles, protractors and scales, 
all in one unit, controlled entirely by one haad. 


You can move a rule all over the board, and 
the rule stays parallel to its original position. You 
can draw all lines to exact length. The lightest 
touch rotates the scales to any angle desired. 


Permanent accuracy is assured, because the 
open center arm construction makes it practically 
impossible to disturb the factory-set band tension. 
{Trade Mark ® 
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AND | CAN REMEMBER 
WHEN | THOUGHT ERASING 
WAS DRUDGERY~ LIke 

DisuwasHine! 


This K&E MOTORASER®* makes old-fash- 
ioned hand erasing look horse and buggy. It reduces 
your erasing time to seconds. 


Since it depends on 
speed rather than pres- | | 
sure, the MOTORASER | 
does not wear holes in pa- 
per. It’s as accurate as a 
pencil point, yet will clean 
large areas in a jiffy. 
It’s handy in the 
hand—a 3 inch palm full 
with a finger-tip switch—only 6 oz. Uses AC juice 
—60 cycle 110 volt AC—or DC with an inexpen- 


sive adapter. A sturdy little feller, too. 
“Trade Mars 


For further information 
about any of the above 
products, ask a K&E 
Distributor or any 
K&E Branch, or write 
to Keuffel & Esser 
Co., Hoboken, N. J. 





Here’s 


Guick Delivery 


op Quali 
This special—and 


separate—department has but one function . . . to 
process your orders promptly and accurately. Here, 
stocks of all standard parts are maintained, ready 
for expert assembly in accordance with your specific 
requirements. “Engineering Samples” are shipped 


AUTOMATIC ww. 
RELAYS 


Ome of the assemoly limes in our Relay Department 


als ELECTRIC 


SWITCHES 


within 16 to 14 days after receipt of order (for 
hermetically sealed relays, allow 10 days more). 
Quantity shipments can start within 30 to 60 days 
on schedules to meet your requirements. With 
high-geared volume production, thousands of these 
superior components are being delivered quickly. 





WHEREVER DEPENDABILITY COMES FIRST:—The men who know insist upon Automatic Electr 
Relays and Switches for top quality. Here are a few examples: 


CLASS “B” RELAYS—For require- 
ments up to 26 terminals—greater 
sensitivity, Contact pressure, com- 
pactness, versatility. And here's 
dependable long life even under 
extremely high speed operation. 
Hermetically sealed, where de- 
sired, to maintain highest perform- 
ance standards, 


For help on your control problems, call 
one of our field engineers, or write for 
literatare. Address AUTOMATIC 
ELECTRIC SALES CORPORATION, 
Chicago 7, lilinois. In Canada: Anto- 
matic Electric (Canada) Ltd., Toronto, 


CLASS “S” RELAYS—Por aircraft 
and other applications requiring 
small size, light weight, and her- 
metic sealing, if desired. Aston- 
ishing power in small space. 
Unaffected by extreme vibration, 
temperature changes, high hu- 
midity. Supplied with coils up to 
10,000 ohms or more. 


RELAYS 


y 
4 


AUTOMATIL SI 


al 


TYPE 45 ROTARY SWITCH— 
Up to 10 or more bank levels, 
adaptable to 25- or 50-point oper- 
ation. Speed to 70 steps a second. 
Simpler . . . only one field adjust- 
ment. For d-c service or completely 
self-contained for a-c service to 
suit a wide variety of control 
applications. 


SWITCHES 
ELECTRIC 


CHICAGO 
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SIMPLICI 


To eliminate trouble-making pins, pivots, etc., 
you need Simple Solenoid Action 


The insulating cross bar, corrying the 
moving contacts of the Allen-Bradley 
starter, are mounted right on the sole- 
noid plunger. No linkages... no pivots 
or pins. 


To get small size and to permit close mount- 
ing, you need Enclosed Arc Hoods 


The solenoid construction, with its straight 
up and down motion and enclosed con- 
tacts, is extremely compact. Units can 
be ted close together on panels or 
in machine bases. 





To eliminate contact maintenance, you need 
Silver Alloy Contacts 


The patented silver alloy contacts, pio- 
neered by Allen-Bradley on Bulletin 709 
solenoid starters, have made contact 
maintenance, such as filing, cleaning, 
and dressing, unnecessary. 


To make panel mounting easy, you need 
Unit Construction 


Allen-Bradley also pioneered the self- 
insulated starter mounted on a metal 
back plate. Bulletin 709 solenoid start- 
ers can be grouped closely on control 
panels of all types. 





| 


Bulletin 709 solenoid starters in 
Sizes 0 to 5, inclusive, for motors up 
to 100 hp, 220 v; 200 hp, 440- 
550-600 v. 


ai 


Bulletin 709 solenoid starters, in 
Sizes 6 and 7, for motors up to 
300 hp, 220 v; 600 hp, 440-550- 
600 v. 


Ample space is provided for the 
heavy conductors to line and motor 
terminals. Allen-Bradley starters are 
available in enclosures for every 
service . . . indoor or outdoor. 


ALLEN-BRADLEY 


SOLENOID MOTOR CONTROL 


isa 


een 
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SEYMOUR 
ANODES 


HELP YOUR PLATING PROBLEM 


When excessive sludge, peeling, porosity and brittle de- 


posits spcil your work, start clean with new Seymour 


Anaad Buoadh 





you can depend on for consistently ex- 


cellent results. Our well-equipped laboratory and experi- 


enced staff are at your immediate service for analyses and 


tests, at no obligation whatsoever. 


A HANDY LIST OF SEYMOUR ANODES 


99%+- Rolled Depolarized--A very 
fine, h ined vir- 
tually pure nickel anode. Corrodes 
hot or cold sol with mi 
loss. Forms proctically no 
sludge. Especially suitable for baths 
having a pH above 4.5 electrometric. 
99% + Rolled Carbon--A rolled anode 
of high efficiency for low pH hot 
Weotts baths not above 4.5 electro- 
metric. Corrodes smoothly with a 
minimum of lvose nickel. 
99%+ Cast Corbon —A pure nickel 
anode with carbon content adjusted 
for smooth, uniform corrosion with- 
out special controls. Available, how- 
ever, with carbon content to meet any 
Ad ible for general 
shop work using hot or cold baths. 


95-97% Sand Cast — Corrodes readily 
in solutions low in nickel or week in 
salts —therefore suitable for cold, 
high pH, low current density plating 
solutions. Uniform corrosion through- 
out the life of this anode is obtained 
by on even distribution of the car- 
bon content. A 90-92% Sand Cast 
Seymour Nickel Anode is also 
available. 


“Seycast” — An improved type of 
99% + cast anode of very high effi- 
ciency designed primarily for Bright 
Nickel baths, but works perfectly in 
any hot Watts both having a pH of 
45 electrometric or lower. Corrodes 
evenly with practically no loose 











nickel formation, due to long, inter- 
locking groins radiating from oa 
common center. Especially suitable 
for high current densities. 

Bright Nickel —A hot orgonic type 
process free from promoter metal, 
stable and easily controlled. Produces 
brilliant deposits from ao standard hot 
nickel beth without the usual color- 
ing or buffing. Excellent throwing 
power, wide operating conditions. 
Free from wetting out agents. 

OTHER ANODES — Seymour Anodes in 
all shapes to meet rigid specifications 


eloctrolytic. The zinc is the 
aod Gude bein, ae 





"Seycast”’ 


THE SEYMOUR MANUFACTURING COMPANY, SEYMOUR, CONNECTICUT 
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MAYTAG GYRATATOR 


cut your molding costs 
with new applications... 
mass methods ... at 


Talk over 

your problems 
with 

General American 
... FIRST! 
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MULTI-CAVITY 
COMPRESSION MOLDING 


At last—“‘large part” users can have a combination of big 
equipment and ingenuity to reduce expenses and 

enable new applications in plastics. General American 
equipment includes compression presses up to 2,000 
tons— and die-makers and set-up men who know how to 
use this equipment to its best advantage. That's the 
reason why so many tclevision, radio and top-ranking 
appliance manufacturers now come io Genera! American. 


BIG INJECTION 
PIECES POSSIBLE 


The economy of molding high-impact polystyrene in large 
pieces has proved itself at General American. The 
Frigidaire breaker strip shown here is 49% inches long. 
The other parts illustrated have given important savings 

to such famous manufacturers as Servei, International 
Harvester, Norge, Crosley, Westinghouse, Frigidaire, 
Kelvinator, Admiral and Coolerator. Close tolerances in 
these piece: is essential—and a specialty at General 
American. Injection presses from 2 to 48 oz. are available. 





MECHANIZED PAINTING 
AND ASSEMBLY 


To back up your production line, General American 
offers you high speed, completely mechanized 
Logoquant treating and painting of polystyrene. 
General American has reached an exceptionally 

high mechanical efficiency in painting and assembly. 





General American Transportation Corporation 


135 SOUTH LA SALLE STREET, CHICAGO 90, ILLINOIS 
NEW YORK 17—10 East 49th Street + DETROIT 2—3049 East Grand Bovlevard 
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RIVNUTS solve tough 


bicycle’s tubular frame, designers 

used a standard flat-head Rivnut. 
The correct radius was ground into the 
anvil of the heading tool, which curved 
the Rivnut head at the same time the 
bulge was formed. The still-intact Riv- 
nut threads provided a firm anchor for 
the attachment screw. 


i TO ATTACH A MUDGUARD toa 











THE PORCELAIN STEEL WALLS 
of this pre-fabricated building are 
securely fastened, yet easily re- 
movable for moving or repairs—thanks 





BUS DESIGNERS used Rivnuts—rhy 
only one-piece blind rivet with threads 
—to fasten seats to plywood floor 
board. Heading tool upset Rivnut, form- 
ing bulge under floor board. Splines on 
Rivaut shank took care of torque. At 


fastens plywood walls to tubular 
steel sections in trailer. Large 
washer head and bulge in shank prevent 
Rivnut falling through plywood or 
vibrating loose. Rivnut at top rivets 


2 RIVNUT AT BOTTOM (above) 


steel sheet to opposite side of section 
One man can install a Rivnut from one 
side of work in two seconds. 








THREE PROBLEMS WERE SOLVED 
by Rivnuts in this kitchen cabinet 
door. (1) Rivnut was installed 
from one side only, (2) It furnished at 


least 6 Rivnut threads remained clean to 
grip attachment screw. Many man-hours 
were saved in assembly. 


WALK-IN REFRIGERATOR uses 
special-type Rivnuts to attach 
hinges to door made of stee! sheets 
and sponge insulation. Spacer head allows 


to Rivnuts. Installation is made by one 
man from one side of studding. Rivnuts 
require only very small hole, —— 
wide bearing surface. Cap screws t 

into Rivnuts attach walls 


least 6 clean threads for attaching knob, 

and (3) It was installed after enameling 

without marring the finish. Rivnuts im 

readed — product quality, saved many mar- 
C 


yurs on this job. 


upsetting of Rivnuts | in door. Riv- 
nuts form compression ft which—com- 
bined with closed Rivnut end—provides 
positive sealing. Clean threads take hinge 
attachment screws. 


SEND NOW 
FOR FREE RIVNUT 
DEMONSTRATOR 


Have a fastening problem? Get 
the help of Rivnut engineers. 
Ask also for free demonstrator 
that shows with motion how 
Rivnuts work. Explains con- 
struction. Gives applications. 
Write to The B. F. Goodrich 
Company, Dept. PE-50, 
Akron, Ohio. 


BE Goodrich 


VNUTS 


The only one-piece 
blind rivet with threads 
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A few of the New 
“Series 3° Cylinders 


1 . Ring 4 ‘ 
BOLT MOUNTING : | , 
Single Acting 
Push Type ' 


BASE MOUNTING BOLT MOUNTING 
Double Acting Double Acting 


What's your problem? Operating press brakes, clutches, doors, 
clamping work, lifting or lowering, pushing or pulling heavy loads? 

Investigate the time-saving, work-saving nee of the new 
Schrader Air Cylinders. See how they do hard jobs faster, safer, better. 

See what Schrader has done to make this new series of air cylinders 
tops for ruggedness, for fast cycle operation, and ease of mounting. 
See how interchangeability of the parts cuts down maintenance. 


WIDE RANGE OF SIZES AND TYPES 


These new Schrader Air Cylinders come in a range of sizes and types 
broad enough to satisfy anyone—single acting (push or pull), double 
acting (with or without adjustable cushion), in a variety of mountings, 
and in cylinder diameters from 1” to 8” bore, and in any stroke 


NEW BANTAM-SIZE AIR CLAMPS—Small, powerful light-weight. 
Base or leg mounting. Six models in each type. Strokes 1” to 2”, 
cylinder diameters 1", 2%" and 3”. Low in cost. 


Write for complete information today W 


MAIL THIS COUPON 1 O DAY wnnn--nnnne----n> 
A. SCHRADER'S SON, 496 Vanderbilt Ave. 
Brooklyn 17, N.Y. 
Division of Scovill Monufocturing Company, Incorporated 
Please send me information and free literature about 
the products I have checked in the squares at the right. 


Name 





Cc m pan} 
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PROBLEM: 





SOLUTION: 2 
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Unique Oiling System 
Prolongs Timing Accuracy 


Capillary action in the spaces 
between each bearing and capil- 
lary plate of Telechron Timing 
Motors draws a specially formu- 
lated oil from the reservoir at the 
bottom of the sealed gear case. 


This keeps bearings and pivot sur- 
faces constantly covered with a 
thin coating of oil. Oil creepage 
along the shafts, pinions and gears 
maintains complete, continuous 
lubrication. Byass terminal gear 
baffles meter the right amount of 
oil to the terminal shaft bearing 
...cutting down beuring wear 
and making the sealed-in oil sup- 
ply last for years. 

This oiling system is just one of 
many reasons why all Telechron 
Timing Motors are instantly, con- 


stanily synchronous... and why 
designers concerned with split- 
second timing or precise control of 
lightweight moving parts invari- 
ably specify Telechron motors. 
If accurate timing enters into 
your product design, talk things 
over with a Telechron Application 
Engineer. Backed up by the ex- 
perience that makes all electric 
timing possible (virtually all fre- 
quency-controlling master clocks 
in power stations are made by Tel- 
echron), he can probably show you 
how to save time and money by 
fitting a standard Telechron motor 
into your product. In the mean- 
while, get complete data by mail- 
ing the coupon below. Telechron 
Inc. A General Electric Affiliate. 


TELECHRON INC. 
10 Union Street 
Ashland, Massachusetts 


Please send me information on sizes and types of Telechron 
Synchronous Motors. My possible application is: 


Instruments oO 
Timers a 
Electric Appliances oO 
Cost Recorders oO 
Advertising, Display Items [) 
Juke Boxes o 
Air Conditioning & Heating 
Controls 0 
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Communications Equipment [) 
Other (please fill in) 





STATE .. 


NAME 


CITY 


& telechron Type 8 Synchronous Motor. For 
switches, recording - controlling mechanisms and other 
medium duty controlling purposes. Other models ovail- 
able with lower or higher torques for light or heavy duty 
applications. 


Controlling the timing of heat regulators is typical 
of the jobs well done by Telechron Type H3 light duty 


Mest time-stamps and recorders owe their occy- 
rate timing to Telechron Type B motors becouse such ap- 
plicotions demand a motor that is instantly, constantly 
synchronous. 


COMPANY .. 
ADDRESS 








adele Ite Casng 
Qthe Hight av 


gg GWE Cast 


D. you spend your time designing and producing 
parts for the aircraft, rabber goods, textile, bus, 
automotive, pneumatic tool, implement markets? 
..or any other industry requiring a light 

casting? You can be sure a light casting is the 
right casting if it’s Well-Cast. 

We have been hard at the business of producing 
high quality castings for 40 years: real economy 
results from the use of Well-Cast aluminum, 
magnesium or bronze castings: minimum rejects 
come out of our plants; we are in dead earnest about 


giving you good service; our facilities are complete. 


Let’s hear from you.... tell us your problem and we'll 
tell you whether a light casting is the right casting. 


We know it will be if it’s Well-Cast . .. in sand, 
semi-permanent, permanent mold. 


Catalog No. 50 on request. 
WELL-MADE WOOD AND METAL PATTERNS 
v AN BRONZE & ALUMINUM COMRANY 


GENERAL OFFICES: 2519 EAST 93rd STREET 


CLEVELAND 4, OHIO 
INSPECTED 
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YOU'LL LIKE THESE 


They Help You Solve Your Problems! 


High starting torque; high operating 
speed; adaptability to speed control—to 
these inherent characteristics of series 
motors Robbins & Myers has added 
many performance advantages. New, com- 
pletely redesigned R & M universal 
motors, from 1/100 to 1/30 horsepower, 
are ready now for powering your small 
equipment 
BETTER, INSIDE AND OUT 


From their dynamically balanced arma- 
tures to their rigid, welded-steel shells, 
nothing has been slighted. Commuta- 
tion, brushes, bearings, insulation, and 
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ReM 


UNIVERSAL 
MOTORS 


ventilation all represent true progress— 
progress backed by the competence born 
of long, successful experience. 


STANDARD TYPES—AND “SPECIALS,” TOO 


In the four frame sizes, there's the right 
motor for every need—sleeve or ball- 
bearing; fixed rotation or reversible; 
open or totally enclosed; standard or 
special ratings ... and a welcome variety 
of housing types and end-heads. 


YOURS FOR THE ASKING 


We'll be glad to send you literature on 
these new motors. And, if you would 
like to have R & M sit in on a discussion 
of powering improvements—that's yours 
for the asking, too. Address Robbins & 
Myers, Inc., Motor Div., Dept. P-50, 
Springfield 99, Ohio. 


STANDARD PAD BASE 


STANDARD LOW BASE 
(Alvo “Medivm” ond “High” Types) 


HUB MOUNTING 


FACE MOUNTING 


FLANGE MOUNTING 








1S THE ONLY DIFFERENCE! 
—— 


Powdermet saved 10 cents in 
the production of this sper geor! 
—_ 


POWDERMET* 
PARTS 




















The RIGHT pencil for the RIGHT job 


LDU as 


3 62 Years Ago KOH-I-NOOR 


made the FIRST Drawing Pencil . . . in 17 
DEGREES, 6B to 9H. Since that time no 
other pencils have approached Koh-|-Noor’s 
Record for Unfailing Uniform Performance. 


No Matter What Your Requirements .. . 
you will find a KOH-I-NOOR 
Product to satisfy you completely 


NOW 
Available . . . 


#1600 KOH-I-NOOR 
Polycolor Pencils 
with IMPORTED Leads 





THE RIGHT MOTOR AT THE RIGHT PRICE 
| EMC AND CYCLOHM 
| FRACTIONAL H. P. MOTORS 


Looking for a way to reduce the costs of your 
product? You can CUT COSTS without cutting 
quality by using EMC Model TIA fractional 
h.p. motors. Best testimonial we con offer is 
the amazing sales record showing soles of 
more than 8,000,000 model 11A motors to 

| leading manufocturers of vending machines, 

| small movie projectors, adding machines, 
small appliances and a host more. 


Model TIA is a low cost, quality motor that 
fits the requi for dreds of applica- 
tions. It can be equipped with EMC gear 
units—12 models to choose from, hundreds of 
ratios available. 

For information about EMC Model TIA or 
any cf the famous EMC universol, shunt 
wound or shaded pole motors and Cyclohm 
induction motors, write for handy reference 
hi and ification sheets. For the right 

| motor ot the right price, check with Howord. | 


oar ne eon HOWARD 
DIVISIONS: : 
BR Srersvones MOTOR CHRP. | | 


& everonm MOTOR CORP. ; 
ba ic seaeaeee < 


bee . ot es B 
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eae FAST'S COUPLING Sexedcee 
7 money! 


eaue you 


Pasteatateet SATO enn 
UNSURPASSED ENGINEERING ke 
s engineers are acknowl condor 
ustry. Their practica jon 

edge backed with 30 oor c 

saparience, is at your service ia 
IMMEDIATE DELIVERY --- — 
ard types and sizes are = > 
immediate delivery from B... 

aude In case of emergency, , 
factory for specia | rush on a 
LOWEST cost la peel mee ev 
oe witty moinicined. Their cost may 


ead out over 25 years or more, of- 


fering you lowest coupling cost per 


THE ORIGINAL 
GEAR-TYPE 


* 
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Before your plant is harassed by needless coupling 
failures—call on Koppers! Only Koppers offers you a two 
barreled solution to coupling problems: Fast's 
Couplings, the original gear-type coupling — and 
Koppers Engineering Service, acknowledged the finest 
in the industry! 


For 30 years, Fast’s Couplings have been industry's 
standard for Jong life at low cost. Now, in addition, when 
you specify Fast’s you get the extra advantage of Koppers 
valuable Engineering Service. Koppers engineers, 
tacked with 30 years of Fast’s Coupling experience, 
study your problem. Then show which Fast's Coupling 
you need (and more important) why you need it! 

Only Koppers can offer you both Fast’s Couplings and 
unexcelled engineering service—so before you buy eny 
coupling, get the complete story on Fast’s. Full 
details are contained in the Fast’s Catalog. For your free 

copy, send the coupon today! 


FREE CATALOG 


KOPPERS CO., INC., Fast’s Coupling Dept., 
235 Scott St., Beltimore 3, Md. 


Please send me a copy of Fast's Catalog relative to 


(type of industry). 














x mond 


Manufacturing Co. 
Division of Associated Spring Corp. 
SPRINGS « WIRE FORMS « SMALL STAMPINGS Corry, Pennsylvania 
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To an 


imaginative 
— 


ngineer... 


rubber 
sound 


insulates 
Modernfold 


Degt6 .ascckciail 


New Castle Products make the 
Modernfold accordion-like partition 
and closure which temporarily divides 
large rooms into two or more smaller 
ones. A sound retarding lining for 
installation in schoolrooms, offices 
and hotel banquet rooms was needed. 
In addition to deadening sound, the 
lining had to be flexible, durable, 
lightweight, small in bulk, free of 
dust and dirt, and economical. 
Spongex celiular rubber, in sheet 
form, answered their every need. 





LE RS A ET T_T 


If vou have a vibration, insulation, 
cushioning, gasketing, sealing or 
sound damping problem, think about 
Spongex. Cellular rubber does not 
become a “product” until you make it 
one in your application. We welcome 
new probiems. 


Technical Bulletin on Sponge Rubber 


available upon request. 


The World’s Largest Specialists in Cellular Rubber 


SHEETS «© CORDS e 


TUBING 


STRIPS 


MOLDED OR DIE-CUT SHAPES 


AND FORMS. 


THE SPONGE RUBBER PRODUCTS COMPANY 


302 Derby Place, Shelton, Conn. 
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SS FAST OPERATION —Direct-acting magnet 


_. , low inertia . . - UP te 600 cycles per 
minute on intermittent duty basis. 

LOW PRESSURE DROP — Internal cross- 
sectional area greater than %" pipe area 
_, , minimum resistance to flow. 
SLONG LIFE—Pressure- 
manganese-bronze valve 
ened magnet parts . 
bearings. 


getow POWER CONSUMPTION—Magret 
38 VA at 60 cycles —in- 


coil requirement 
rush 215 VA. 


> COMPACT— Unique valve di 


balanced rotor . - - 
body . .. hard- 


_ bronze oilite pivot 





SQUARE D COMPANY CANADA LTD. 





CoH 


TORONTO + SQUARE D de MEXICO, S.A. MEXICO 


ee ae oe oe ee OO 
Icce0 Tce eeSeee 
FOCRE CRORE Ree Se _ 











esign permits 


small magnet structure . - - overall valve 


size only 5%4""x 6%4"x 4". 

ACCESSIBLE —Valve body or magnet struc- 
ture removable without disturbing pipe 
connections . . . magnet coil easily changed. 
EASY INSTALLATION —Valve mounts in 
any position . . - cast base with 3-point 
mounting reduces distortion possibility. 


le presSURE RANGE—Eificient operation on 


air pressures up to 100 p.s.i. 


Ash Jor Bulletin 9043 Type C 








CITY, 0.F. 
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PUSHBUTTONS LIMIT SWITCHES 


Interchangeable pushbuttons, selector switches, ision or heavy duty .-- 
and pilot lights provide many combinations . - - precision types—either surface or flush mounted, 


variety of oil-tight enclosures and flush plates roller or plunger operated . . _ heavy duty types— 


surface mounted, roller operated. 


Arch for Gulletin 9007 


Ct 


FOOT SWITCHES PRESSURE SWITCHES 
Eleven variations obtainable . - - bellows type 


Streamlined to match modern mac 
cover pressure 


heavy duty .-- self-conta‘ned contact mechanisms actuators, on nine variations, 


... Short motion eliminates ankle fatigue. - -avail- ranges from 1 to 1,000 p.si.- two piston type 
at able with or without pedal guard. actuators cover pressures from 100 to 3,200 p-si. 
fhe for Gulletin g002-AW hok for Bulletin 9012-A 


Write square D Company 
Reece richards Street, Milwaukee 12, Wiscontin 
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DIE CASTING 


helps products 
to sell 


like “hot cakes” 


_. because Its mony economies make i? possible product, consider die costing—ond consult with 


to offer quality. dependability, odvanced design heduling your next production pro- 
and sound construction ot prices that spell sales ’ hown numerous manufacturers the 
fitable operation, better products 


in today’s price-conscious market. 

That's why the oll-important grids of this attroc- 
tive “Universal” wafher-grill, made by Landers, 
Frory & Clark, are die cast. Because of the oc- 
curacy, speed and economy characteristics inher- 
ent in die casting, they ore produced exactly to 
specification at relatively low cost. 

Speedier production, savings in materi 
ynit costs. That's die casting! And economies 
not stop with the © f the die. You'll find : o 
Mount Vernon castings s° *) * that subsequent 
machining is reduced to © negligible minimum, 
and finishing operations ore made easier. 


So whether it be @ waffie grid of ONY other 
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Tee US. UNICLOSED MOTOR 


= WINDINGS ARMORED ANNEALED SILICON REMOVABLE souod 


LONGER BEARING LIFE WITH ASBESTOSITE STEEL LAMINATIONS PROTECTIVE COVER CENTRICAST ROTOR 
With Lubriflush 


INTEGRAL FAN BLADES 


CAST GREASE 
RETAINING 


. =r 7 LUBRIFLUSH 
— FILL 
NORMALIZED CASTINGS 

Maintoin Accuracy 


NORMALIZED 
CASTINGS 


— — 
UNICLOSED CONTCURS 
Give Extra Protection 


GROUND SHAFT 


OVERSIZE 
¢ GREASE 
SHELTERED CHAMBERS 


DUAL VERTILATION AIR INTAKE 


Far Ever-Cool Operation 


FUNNEL 


FORMED ASBESTOS TRUE CONCENTRIC DEEP-GROOVE BEARING 
AIR DIRECTOR PRY-OFF LUG SEPARATORS = AIR GAP FULLY STANDARD 


SOLID CENTRICAST ROTOR 


THE MOTOR THAT GIVES YOU MANY PLUS VALUES 


The Uniclosed is no ordinary motor. It combines external provection with interior 
perfection. The vital operating parts are armored against damage from moisture, falling 
debris, dust and dirt. The Uniclosed is suitable for many conditions ordinarily requiring 
more expensive splash-proof or enclosed designs. Asbestos-protected windings guard against 
carbonization. Lubriflush lubrication insures longest life of bearings which are self-lubri- 
cated for normal life. Normalization of all castings insures permanent bearing alignment. 
Dual cyclone ventilation insures a cool running motor in high atmospheric temperatures. 
The rotor is centricast. The steel laminations are annealed to prevent excessive electrical loss. 


Request these two interesting, informative bulletins. 


val \ 
ANNEALEO URWANATIONS 
For Lasting Economy 


Write today for Bulletins featuring U. S. Uniclosed and U. S. Sani- 
tary motors. These products are illustrated in natural colors. Details 
of construction reveal many features of interest to cost-minded 
plant operators seeking the most dependable economical power 
If your power requirements include variable speed, ask for Bulletin 
featuring U. S. Varidrive Motors 


anenen eamman U.S. ELECTRICAL MOTORS Inc. 


PACIFIC PLANT: Los Angeles 54, California ATLANTIC PLANT: Milford, Connecticut 


Atlante 3, Ga.; Bakersfield, Calif.; Boston 16, Mass.; Chicago 8, IIl.; Cincinnati 16, Ohio; Cleveland 14, Oh'o; Dalles 9, 
Texas; Detroit 2, Mich.; Fresno 1, Calif.; Houston 4, Texas; Indianapolis 4, Ind.; Milwaukee 2, Wisc.; Minneapolis 2, Minn.; 
New York City 6, N. Y.; Philadelphia 2, Pa.; Pittsburgh 2, Po.; San Francisco 7, Callif.; 
Distributors and Agents in all principol cities 





This Free 32-page illustrated book may be worth a lot of 
money to you. It tells how you can fabricate Otiscoloy . . . 
how you can use it . . . gives you mechanical properties . . . 
and information on its high resistance to corrosion, abrasion 
and fatigue. 

Structures of all kinds can be made lighier—stronger 
longer lasting with ‘‘The Transportation Sreel”’ 
OTISCOLOY. Don’t delay in learning how to put this 
high-tensile steel to work for you. The coupon is for your 

convenience. 


Jones & LauGHiNn Steet Corporation 


From its own raw materials, J&L manufactures a full line of carbon steel prod- 
ucts, as well as certain products in OTISCOLOY and JALLOY (hi-tensile steels): 
PRINCIPAL PRODUCTS: HOT ROLLED AND COLD FINISHED 
BARS AND SHAPES + STRUCTURAL SHAPES + HOT AND COLD 


ROLLED STRIP AND SHEETS + TUBULAR, WIPE AND TIN MILL 
PRODUCTS + “PKECISIONBILT” WIRE ROPE * CGAL CHEMICALS 
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Do you design, 


build or use 


any of these? 


ROAD MACHINERY 
RAILROAD CARS 
FARM MACHINERY 
SHIPS 
POWER SHOVELS 


CRANES 
MINING EQUIPMENT 


Jones & Lavoutin Steet Corporation 
409 Jones & Laughlin Building 
Pittsburgh 30, Pa. 


Send me a free copy of “The Transportation Steel.” 


Please have your salesman call, without obligation 


COMPANY 
ADDRESS. 


a — — 
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ee Tools . - Many Vital Parts — Over sixty lead 
the advantages of Ampco cver or- 
Gisery beeusen, They epeclty Ampan beovere i ensues nay bio Ampco Extrusions ...Rod, barsteck, tubes .. . shapes 
through resistance to wear. Ampco Metal is also well known for its — Produced in Ampco’s own extrusion mill with . modern com 
versatility, its hardness, its uniform quality, high impact strength. hydraulic press and 
high yield strength and high compressive strength. use — saves metal and machining time and cost. Ampco counted 
products have superior grain structure and exceptionally high 
strength values, plus close tolerances and good suriece finish. 











..» because Ampco aluminum bronze} 
alloys give you this unique combination 
Lb pis ¢ » of cost-saving physical properties: 


1, High tensile strength §. High “strength to weight" ratio 
2. High compressive strength ©. Resistance to weer and/or cor 
3. High impact ad fatigue values 7 114. ected by oxirome’ tem- 
4. Excellent bearing qualities peratures 

Long-wearing Ampco bronze alloys give you longer and better 


— reduce down-time losses — and cut maintenance and replacement to 
7 Caen SO TEnD Sie 


eso trial or Sees, eee nner 6 ae c 
ao ur own 
oe eee 


Ampco Metal, Inc., Dept. PE-5, Milwaukee 15, Wis. 


Send me your free Ampco Metal Catalog giving full details of physical 
propertied of the various grades of Ampco aluminum bronze alloys. 


Name 
Company 
Company Address 


City { ) State 
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HOW TO TAKE THE 


Leyes cr MB en 


GUESSING the number of forming opera- 


ing forming operations by setting up special 
jigs or developing an item to a four-slide 
“feed and form” 


tions needed to make a wire form can be fun 
. . but paying for them is a different matter. 

Particularly if the item must be produced in 

large volume and sell at dime-store prices. 


prope »s1T10N. 


To get the money-saving short cuts which 
Wickwire customers enjoy, tell us what you 
need . . 


The answers to the problems above are 
(a) 1; (b) 4; (c) 3; and (d) 1. The answer to 
your problem in wire forms is something that 
Wickwire’s engineers will be happy to figure 
out. There won't be any guesswork and the 
job may be easier than you think. For our 
formed wire specialists have a knack of reduc- 


then learn first hand about Wick- 
wire service and satisfaction. There is no obli- 
gation and it may result in a worthwhile 
reduction in your production cost. 


Send for our free book, “Springs and Formed 
Wires.” It's full of valuable data about spring 
selection and performance. 


A PRODUCT OF THE WICKWIRE SPENCER STEEL DIVISION + THE COLORADO FUEL AND IRON CORPORATION 


SPRING SALES OFFICE & PLANT—2 New Bond St., Worcester 6, Mass. « EXECUTIVE OFFICE— 500 Fifth Ave., N. Y. 18, .N. Y. 
SALES OFFICES—Boston + Buffalo + Chicago - Denver + Detroit - New York + Philadelphia 
PACIFIC COAST—The Californie Wire Cloth Corp., Oakiand 6, Cal. 
Other Quality Wickwire Spencer Products include: Wire, Wire Rope, Meta! Conveyor Belts, Chain Link Fence, industrial 
Wire Cloth, Poultry Netting, Hardware Cloth, insect Wire Screening, Welded Wire Fabric for concrete reinforcement 
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illustrated are an 84" bellows used in 
jet aircraft engines and a ‘2 
suitable for instruments 


” bellows 


There is a CMH Bellows 
to meet every requirement 


Although CMH manufactures bellows of 
greater diameter than the larger of the two 
illustrated above, this photograph conveys 
the wide size range in which CMH Bellows 
are available. Whatever the size—l/,” and 
up—CMH Bellows are precision made to 
meet the most exacting requirements. Ad- 


CMH — _ Capentae an: 


for every flexible metal hose requirement 
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Lhe 


x 


FLEXON 


vanced manufacturing methods permit the 
forming of most types as standard produc- 
tion items with the obvious advantages of 
greater uniformity and lower cost. 
Whatever your bellows needs, inquire 
about CMH Stainless Steel and Brass Bel- 
lows. Write for complete information. © 


Ch 


Leoders in the Science of Flexonics 
MAYWOOD, ILLINOIS 
Pients at Meywood, Eigin end Reck Fells, iilineois 





‘tn Conede: Conodion Meto!l Hose Co., itd., Brompton, Ontario 
idontifies CMH products which hove served industry for more than 47 years. 





UNION CHAIN 


is at your elbow 


Suppose you need UNION Silent Chain 


for a short center drive at unusually high speeds. If you are 
certain of the pitch, width, length and pinions required, write or 
phone your nearest Union Chain Stock Carrying Distributor as 
listed on the facing page. in all probability he will provide 


immediate shipment. 


+++ Or suppose you need engineering advice on the selection 
of a Union silent chain drive as an integral part of your own 
product. Then your cue is to communicate with Union Chain's 
nearest district office as listed at the top of the facing page. 


You will receive unprejudiced, competent help. 


Unprejudiced becauvse Union Chain makes all types of steel 
chains and is concerned only to provide each customer with the 
proper chain for top efficiency and minimum cost. Competent 
because all-round experience qualifies Union Chain specialists to 
make sound chain recommendations whether the application calls 
for silent chain, roller chain or one of the various heavy drive or 
conveying chains. We believe you can discuss your chain 
problems quite profitably with us. 
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American Chain & Geer Co. Union Chem & 
Nicholas . 
Pocific Bivd. 

5745 Gvilford Ave. 
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Use Stainless Steel 
and HELIARCG Welding 


“Heliarc” welding a stainless steel water tank for use in rail- 
road passenger coach. Welds will need no further finishing. 


@ Get more information NOW! 








THE LINDE AIR PRODUCTS COMPANY 
30 East 42nd Street, New York 17, N. Y. 
(or your nearest LINDE office) 


Gentlemen: We would like more information on Heuarc welding 


We are [) (are not [)) now using inert gas-shielded welding 
Please send me literature on Heuarc welding [] 


Switch to this 
Combination 
and Save Money 


Build Sales Appeal with 
Stainless Steel 

Get Clean, Fast Welding 

Cut Finishing Costs to the Bone 


Switch to the “Heliarc” process for welding 
stainless steel. Welding is fast, distortion is 
low, and there is no spatter with the “teliarc” 
process. No flux is used and you save clean- 
ine costs. The welds are so smooth that many 
articles need no grinding or finishing at all. 

Switch to stainless steel for your other 
products too. They will have added strength, 
longer life, freedom from corrosion and better 
appearance. You build sales appeal into your 
product when you weld stainless steel with 
“Heliarc” equipment. 

Get your free copy of literatwre on 
“Heliarc” welding that tells about this clean, 
fast, worry-free process. Just fill out the 
coupon and we'll send your copy without 
obligation. 


The word “Heliorc” is o registered trade-mark of 
The Linde Air Products Compony 
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“ZLS’' BALL BEARING 
Norma-Hoffmann Extra 
Light XLS 


range from 1%" to 22%" 
bore and a maximum of 
28°’ diameter 


NORMA -HOFFMANN 
EXTRA LIGHT XLS SERIES 


Precision Bearings Provide 
greater latitude in designs 


These Norma-Hoffmann Extra Light Pte- 
cision Ball Bearings XLS types-- provide 
the solution to cramped bearing space in 
machine design. In addition to the advan 
tages of low friction, compactress and iigh 
weight, the abnormally large bores, com 
pared to outside diameter, give designe 
greater latitude in designs of their equi 
ment. They are also suitable for combin 
radial and thrust loads in either direction. 
Investigate Norma-Hoffmann Extra-Ligh 
Precision Bearings for your designs. 
Field Engineers will gladly aid you in th 
application and selection of the proper 
bearing for your particular designs. Write 
for their services and catalog. 





NORMA-HOFFMANN 
Reever BERRINGS 


ALL - ROLLER - THRUST 


NORMA-HOFFMANN BEARINGS CORPORATION, 
STAMFORD, CONNECTICUT 


FIELD OFFICES: Chicago, Cleveland, Detroit, Cincinnati, 
Angeles, San Francisco, Dallas, Seattle, Phoenix. 
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|; a you use tubing... 

Wherever you use tubing, for all-round better 

eee just check on famous Bundyweld 
y Tubing. For no other tubing is made |ike 

Bundyweld. 

From fabrication to finished product, Bundy- 

weld gives advant no other tubing can 

promise, often including major savings in cost. 

Sweet music to any manufacturer! 

Just note the Bundyweld highlights below. 


BUNOYWELDS SUPER FOR BRAKE LINES IN CARS; 
/T RESISTS THE FATIGUE FROM BOTH SHIMMIES AND JARS. 


Every sleek new automobile rolling off the assembly lines today 
averages about 20 different parts of ru Bundyweld Tubing. 
Of those same cars, 95% have hydraulic brake line systems of 
Bundyweld, too! What better evidence of the strength, durability 
and high fatigue endurance limit Bundyweld can assure in your 
applications, too? 


WE TAKE A FLAT STRIP ROLLIT TWIGE ALL ITS LENGTH; 
GET A DOUBLE-WALLED TUBING THATS FAMOUS FOR STRENGTH. 


Secret of Bundyweld’s amazingly long list of fea- YY 
tures is its special, patented construction. It's 
double-walled from a single strip, the oniy 
tubing of its kind. Put it in that tough spot in 
your design, structural or functional applications. 
Bundyweld can stand the gaff! 


Jian! 
Md 7 
at 


Saree, , 


4 
WHY BUNDYWELD SIZES UPTO 
CAN’T BE BEAT 














First, a single strip of basic metal, rolled twice around into a tube of passed thr a furnace. Bonding Bundyweld . . . double-walled and 
coated with a bonding metal, is . . . uniform thickness, then . . . metal fuses with basic metol, presto— brazed through 360° of wal! contact. 
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MACHINE IT OR BEND IT, SWAGE IT OR FLARE [T; 


With all its sturdiness, Bundyweld is easy to cut, machine, form 
or join. It bends more readily and takes more bending without 
collapsing or weakenine structurally. Your tip-off to faster, 
smoother fabrication and lowered costs of tubular frames, re- 
frigerant lines, beer coils, radiant heating systems, or a product 
you may be designing that happens to need a better tubing. 


WO LEAKS UNDER STRESS IN YOUR LINES OR YOUR COILS; 
BUNDYWELOS PERFECT FOR GASES ANDO OILS. 


High resistance to pressure your big must? Bundyweld 
is still your tubing! Halogen vapor leak detector tests, 
accurate for 1/100 of an ounce leak per year, give 
honors to Bundyweld for leakproof performance. It's 
double-walled and brazed through 360° of wall con- 
tact, Virtually never a chance of a leak! 


$O, make it a point to find out today 
How your use of Bundyweld really can pay. 
Be it nickel or steel or Monel, you will find 
No other tubing so soundly designed. 


\\ FREE! Write today for new 20-page, illus- 
EVERY (NCH WE PROOUWCE GETS A WHOLE FLOCK OF CHECKS s trated booklet on Bundvweld Tubing, its 


properties, uses and how it can be fabri- 
FOR FREEDOM FROM SCALING AND OTHER DEFECTS. = cated, plus helpful information that may 
F> steer you to a profitable — of; 


: : ; Rony wer : Bundyweld in your product. For your free 
‘o amazingly close tolerances. No scaling! Coating, inside and copy. or queries on any possible use of 
ut, is always smooth, clean, bright. Your inspection processes Bundyweld, just call or write: : 
an be pared to a minimum, without delays for rejects. Stil! r . 

: Bundy Tubing Company, Detroit 14, Michigan. 
more Bundyweld savings for you. ’ ° 


Bundyweld Tubing 


DOUBLE-WALLED FROM SINGLE STRIP 


Bundyweld’s wall thickness and concentricity are steadily held <- 


Bundy Tubing Distrib and R® atin 42, Mam. Avstin-Hostings Co., ‘ Chattencege 2, Tenn Peirson-Deokins Co, 823-824 Chottancoge 
Bonk 7 Chicago 32, Mi: Laphom-Hickey Co. 3333 W. 47th Place Murre Post Office Box 476 Philadephia 3, Pena 
Bonen & fia, 404 Archnent pS Sos Fresciece 10, Calif: Pacific Metals Co.,ltd. . " oe > - 

Metal Sales, Ltd. 881 Bay St. . Bundy weld nickel and Monel tubing 





Teronte 5, Ontaris, Caneda Alloy 
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Life of Coal Pulverizer Pegs 


| engine meets the need for a prime mover combin- 


increased 6 times 
by Wear-Resistant Carboloy 


--. and they’re still going strong! 


“TEEL couldn’t stand the grind when 
- it came to pulverizing “soft” coal. 
When an industrial stoker manufac- 
turer used steel “pegs” on rotary coal 
pulverizers, they had to be replaced 
after handling only 3,500 tons. 


Then he switched to “pegs” faced 
with Carboloy Cemented Carbide. 
After pulverizing 22,000 tons—more 
than 6 times as much as steel—they 
were still going strong and showed 
no appreciable wear. 


Everyone gained through this 
change to Carboloy. The stoker manu- 
facturer came up with a powerful, 
new selling point. Users saved time 
and money through continuous oper- 
ation of boilers. ‘chere were no shut- 


downs to replace “pegs”, no time was 


lost for maintenance. 

Carboloy is working similar wear- 
proofing miracles in dozens of 
industries. This hardest metal made 
by man was developed specially to 
combat wear. In some cases it has 
increased the life of machine parts or 
products by as much as 100 times. 


There’s a good chance that Carboloy 
can eliminate costly downtime and 
parts replacement in your machines, 
or add extra life and efficiency to 
your products. Write today and arrange 
for a Carboloy engineer to call and 
talk things over. Carboloy Company, 
Inc., 11105 E. 8 Mile Blvd., Detroit 
32, Michigan. 


Where Can You Use These Outstanding Characteristics of Carboley? 


1. Hardness 

2. Compressive strength 
3. Abrasion resistance 
4. Corrosion resistance 
5. High red hardness 


6. Low coefficient of thermal 
expansion 


7. High modulus of elasticity 
8. Impact strength 
9. High density 

. High polish retention 
11. Low electrical conductivity 
12. Non-magnetic (if desired) 


need not he 


WHEREVER THERE’S MOTION THERE $s Sbasabed 


at eieeieeteientestententententententententententetente tte 


¢ 


luin-cylindenr 


ONAN 


“CK” ENGINES 


4 -cycle 


The 97-pound, 10-horsepower, air-cooled “CK” 











horsepower i in small space, simplifying installation. 
Push-button or manual snstent starting. 


Write for Specifications 
B.W. ONAN 3 & Sous, INC. 








SMPUTER 


HARPER CO 


Gives you a quick, easy method of deter- 
mining what metal alloys to use in connection 
with 143 different corrosive agents. Ideal for 
metallurgists, product designers, engineers, 
chemists, purchasing agents. Sized to fit 
your pocket. Developed by The H. M. Harper 
Ce., America's leading specialist in non- 
ferrous and stcini steel fi ing 


FREE—MAIL COUPON TODAY ee 





H M. Harper Co., 
8203 Lohigh Avenue, Morton Grov., Iii. 
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Generating Station “Makes Ends Meet’ 


with Flexible 
Connectors 


Moisture and mechanical protection, in addition 
to flexibility at terminal connections, were the 
primary considerations for some cables at the 
Public Service Electric and Gas Company, Se- 
waren Generating Station, Sewaren, N. J. To 
meet these requirements American 

Seamless Flexible Metal Tubing 

was chosen by the design engineers 

of this utility. 

American “Seamless,”’ in addi- 
tion to being 100% water-tight, has 
several “plus” advantages. Align- 
ment ease at rotating units, junc- 
tion boxes and other equipment 
simplifies on-the-job installation. 

Savings in construction costs are an 
added premium obtained along with 
the flexible connection provided. 

American Flexible Metal Hose and American 
Seamless Flexible Metal Tubing are made in 
types for a wide variety of services and condi- 
tions. For information, please address The Amer- 
ican Brass Company, American Metal Hose 
Branch, Waterbury 20, Connecticut. In Canada, 
The Canadian Fairbanks-Morse Co., Ltd. 


pA 


wherever connectors must move. . . Serica 


FLEXIBLE METAL HOSE AND TUBING 
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ROLLER BEARING 
PILLOW BLOCKS 


JONES Pillow Blocks are made in sizes to take shafts 
15/16” te 9” in diameter. Equipped with double row 
Timken roller bearings. Engineered and designed for 
the mest efficient solution of your drive problems. 
Ask for Bulletin No. 86. 


W. A. Jones Foundry & Machine Co. 


4417 W. Roosevelt Rd., Chicago 24, Ui. 


Jones 


In the Service of industry 


ELECTRIC HEATING UNITS 


SW 


Coils of Heat 


Tubular Electric Heating Units thot 
fit around or clamp to vessels, tanks, 
pipes, etc., for contact heating of 
metals, oils, water and air. 


. especially where little space is For . . 
‘ iderot : get pump worries. Tuthill small pumps 
a = Src are recognized the world over for their depend- 
. ability in lubrication, coolant, hydraulic and 


e Can be bent into almost liquid transfer service. These internal-gear type 
any shape. rotary ilable i ities 
y pumps are available in capacities up 
STANDARD SIZES to 200 g.p.m. and pressures up to 400 p.s.i. Wide 
or made to your requirements choice of porting and mounting arrangements 
ey in both packed and mechanically sealed pumps. 


VULCAN ELECTRIC CoO. | Write for General Catalog. 
By 





DANVERS 18, MASS. 
“‘Livnnwtnteaii._ = TUTHILL PUMP COMPANY 


939 East 95th Street, Chicag 





Dis 
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FLEXIBLE 
JOINT 
ADAPTABILITY 


for all 
services 


This Can-Flaring machine uses Barco 
(extra heavy) Swivel Joints to keep its 
fluid lines flexible. 

Providing such flexibility is no unusual 
job for Barco Joints. They perform many 
services on a wide variety of machines and 
fluid conveying systems, both simple and 
complex. Barco Joints are made to with- 
stand hydraulic pressures of 2500 pounds. 
They are unique in their ability to absorb 
shock and misalignment strains, due to a 
combination ball and swivel action. 

Throughout the last 41 years, Barco 
engineers have solved thousands of prob- 


BARC 


ah 
— 


CAN-FLARING MACHINERY 


USES BARCO SWIVEL JOINTS 
(EXTRA HEAVY) 


lems relating to flexible connections. Their experie 
and technical skill are at your disposal. Write Ba 
Manufacturing Co., 1827F Winnemac Ave., Chicago 4 
Ill. In Canada: The Holden Co., Ltd., Montreal, Canad 


FLEXIBLE JOINTS (2. —<—-" 








a swiwel and ball jount 

with rotary motion and 

responsive movement 
FREE ENTERPRISE—THE CORNERSTONE OF AMERICAN PROSPERITY through every angle. 
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Whatever Your 


Carburetion Problem — 
Look to 


——s 
* Just because you used catsup on your steak, the waiter 
shouldn’t assume you use it on the rest of your dinner too! 
And just because one bearing is best lubricated by one 
particular grade of oil, you shouldn’t assume that the 
| same oil is best for ai/ bearings on that machine. In many 
cases it isn’t. 

OIL CUPS permit you to lubricate each bear- 
ing with the oil best suited to that bearing—thus 
prolonging bearing life, reducing maintenance 
F th A | yeep en, messed | me boosting production. 

SW | cups fortuna cost very little. 
or e An er: | Gits oil cups have been the standard for industry for 
more than 40 years. Gits Bros. has the largest selection 
of oil cups available anywhere. Call on Gits Bros. for a 
prompt, efficient solution to your lubrication problems. 
Write for free Price Guide Catalog 


GiITS BROS. MFG. CO. 


| 1838 S$. Kilbourn Ave. « Chicago 23, Ill. 
“Controlled’’ 

















Yes, Zenith is your best bet no matter what 
your carburetion problem! More than thirty- 
five years’ experience in dealing with all types 
of gasoline engines has resulted in a range of 


b d si h ls il- 
ay Ty Aasmaan ota pa for ENGINEERING and 
i hel find the right si d 
aeomcremeert emereiommme CHEMICAL PURPOSES 
you finalize a design, and the chances are good 


that you can use a unit we are already making. 
Thus you may avoid the necessity of using an 





individually built carburetor at a premium cost. 
Your inquiry will receive immediate attention. 


oughness; 
; Erosion Resistance; 
Frictional Wear Resistance or 
Resistance. 


would yeu A copy of our 
flexible- 


; 7 famous bound 
ZENITH CARBURETOR opiy,;, a as 4 : Reference Bot, ented “Bronze 


696 Hart Avenue , 2, . esting Alleys"? Wf s0, write ws 
ans Seeo HI AMERICAN MANGANESE BRON 


MANUFACTURERS OF FINE CARBURETORS AND FUEL FILTERS COMPANY 
Export Sales: Bendix international Division, 72 Fifth Avenue, New York 11, N.Y. Coen eee 36, PENNA. 





» 4705 Rhawn St. 
41 YEARS’ EXPERIENCE 
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Have You Considered Every Design Advantage of 


BERYLLIUM-COPPER ?” 


WROUGHT ALLOYS 
Strip, Rod, Bar, Wire. 


BERYLCO 25... The standard 2% alloy offers 
good cold-forming properties in the unhardened 
condition with the highest strength and hardness 
of any copper alloy when heat-treated. Excellent 
conductivity and resistance to fatigue, corrosion 
and wear make this non-magnetic material ideal 
for springs, diaphragms, bellows, electrical con- 
tacts, electronic equipment, aircraft engine parts, 
cams and similar components. 


BERYLCO 165 ... A high - strength alloy — cvail- 
able in strip form only — with price and me- 
chanical properties slightly lower than BERYLCO 
25. In addition, mill hardened BERYLCO 165 pre- 
sents cost-saving opportunities by eliminating 
heat-treatment after fabrication and attains prop- 
erties appreciably higher than bronze. 


BERYLCO 10... A high-conductivity alloy used in 
those current-carrying springs, switch ports and 
similar components where electrical or thermal 
conductivity is of primary importance. Since 
BERYLCO 10 can be readily formed and ma- 
chined when hardened, it is generally supplied 
in this condition, requiring no heat-treatment by 
the fabricator. 


BERYLCO 50... A special resistance welding ma- 
terial (RWMA Class 3) for spot, seam, flash and 
projection welding dies and electrodes. 





CASTING ALLOYS 
Supplied as Pigs or Sand-cast Parts. 


BERYLCO 20C... In sand, investment and plaster- 
mold casting methods, this 2% alloy offers spe- 
cial advantages through good fluidity, kw pour- 
ing temperatures and high final properties after 
hardening. Applications include bushings, cams, 
propellers, pump parts, bearings, gears, safety 
tools, and valve parts. 


BERYLCO 275C... A special-purpose foundry 
material for plastics molds and other applications 
requiring maximum strength, hardness and wear 
resistance. 


BERYLCO 10C ...A high-conductivity material for 
switches, circuit breakers, switchgear, welding 
jaws, resistance welding dies, electrode holders 
and similar current-carrying members where 
strength, conductivity and resistance to wear and 
moderately elevated temperatures are important. 








THE BERYLLIUM CORPORATION 


@ For more specific information regarding available prop- 
erties, tempers, mil) sizes, etc., write for: 
1. BULLETIN 12-—— “How to Order Beryllium 
Copper Strip” 
2. BULLETIN 13 ‘How to Order Beryllium 
Copper Rod, Bar and Wire” 
3. “Designing with Beryllium-Copper Casting 
Alloys” 
For our recommendations, write giving full details 
including drawings or samples. 


_— 

















DEPT. 7, READING 2, PENNSYLVANIA 
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On parts like these... 


LONE. 
tw a SMALLER Package 


NEW DENISON 
(Series 400) — 
5 FLUID MOTOR 

You'll do better at Auburn ae. 

These are typical of the parts produced by Au- 

burn’s automatic rotary molding machines; many 

millions of such parts have been turned out by 

Auburn during the past 14 years . . . at low prices. 


You too can save money, get top quality, and 
the well-known Auburn service 


1. if the part is either phenolic, urea, or alkyd; 


2. if the size is not over 2” in diameter or 
equivalent area; 


3. if you can order at least 100,000 at a time. 


If the part is threaded either internally or 
externally, so much the better. Auburn’s ma- Max, 1.9.0, evipet, shoft 
chines unscrew such parts automatically. Min. ¢.p.m. output, shaft 
, : | Cubic inches per rev. ovtput, shaft 
Auburn molds any plastic material . . . by any G.o.m. per 100 r.p.m. output, shoft 
G.p.m, at max. ¢.p.m, ovtput, shaft 
modern method . . . and offers complete en- Volumetric efficiency, % of max. rp.m 
gineering. ‘ Pound-inches per 100 p.s.i. 
The “know-how” we have gained through 74 Pound-inches at max. p.s.i. 
: . . Stalled torti 
years is at your service. Write Auburn Button ne a 


Running torque, % of max. 
Works, Inc., 350 McMaster St., Auburn, N. Y. 
’ ’ . ° Per 100 r.p. it max, p.s.i. 
HORSEPOWER At max. sal ee a aah 


COMPRESSION, TRANSFER, AND 
MOLDING, AUTOMATIC ROTARY MOLDING FOR . 
MASS PRODUCTION, EXTRUDED ELASTOMERICS, The DENISON Engineering Company 
REINFORCED PLASTICS (Fiberglas), MOLD 11572 Dublin Rd nye ee 16. Ohio 
NEERING AND COMPLETE MOLD SHOP ’ 


Auburn Button Works, Inc. DENISON 
c AURORE. # , dnrOllica 
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BUSHINGS 
ae ry $ = 
— . #4 * . - 1. Low Initiai ¥ 
% 4 PRECISION BRONZE BARS 3 2. Low Cost f 
_ ae | rr =. 3. Low Co 


The sleeve bearing insures 


"“¢ a. 


™ 


4. Low C dn 
ting Engin 
/ alt econog he 3 
y., Toledo 9/08 
Le , 


Oo: 


BRONZE BEARINGS 
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SMALL 
PARTS 
Cost less when made by 


MULTI-SWAGE 


The economy way to get 
a million small parts 
similar to these — 


Examine the tubular and solid metal parts shown 
here twice size. If you use anything similar .. . in 
quantities of over a million . . . important savings 
can be yours. Send us the part and specs. Our quo- 
tation will show why the Bead Chain Company's 
MULTI-SWAGE Process has long been known as 
the most economical method of making electronic 
tube contact pins, terminals, jacks and sleeves. 
And, why more and more users of mechanical 
parts (up to 4” dia. and to 2” length) em- 

oy our facilities. WRITE for Data Bulletin. 

THE BEAD CHAIN MANUFACTURING CO., 


Tr.Mark 88 MOUNTAIN GROVE ST., BRIDGEPORT 5, CONN. 





los ¥ io ie 3 
d\ ees You draw the Shape 


—Page can draw the Wire 


—the way you want it for your pro- 
duction—whether it’s ALL of your 
product, or only a part. 
Cross-sectional areas up to .250” 
Square; widths to 44”; width-to-thick- 
ness ratio not exceeding 6 to 1. 


Mass production of fine gears is an accom- for Wire or 
MADE TO ORDER: plishment that requires the ultimate in manufac- Information about Wire ~ 
turing facilities and experience. And it's al] here 
SPIRAL BEVEL at Fairfield — metallurgical departments, batteries 
STRAIGHT BEVEL of the most modern machines, complete heat 
HYPOID treating equipment, all operated by skilled crafts- 
° men producing truly fine gears. Here is 30 years 
HERRINGBONE of experience translated into the gear-making 
HELICAL “know-how” that is essential to manufacturing 
DIFFERENTIALS high quality, dependable gears. 

SPUR Our facilities are complete for producing gears 





Monessen, Pa., Atlanta, Chicago, 


for a wide variety of applications. Why not con- co 
Denver, Detroit, Los Angeles, New York, 
‘ Portland 


sult Fairfield on your next gear problem? Your 
inquiry will receive prompt attention. 


FAIRFIELD MANUFACTURING CO. 


313 SO. EARL AVE. LAFAYETTE, INDIANA 


7 
WORMS AND 
WORM GEARS 5 . . 
San Francisco, Bridgeport, Conn. 
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ENGINEERED CERAMICS 


A new answer to 


hee 


ioe 


ONT ao 


awe 


gata 


What can we do for you with modern engineered 
ceramics? 

We can extrude, mold or press them. 

We can drill, turn, grind and tap them, 

We can metallize them. 


We can do all these things to measured tolerances —- and 
in economical quantities. What's more you can choose 
one of many exact formulas to get exact electrical and 
physical properties... high dielectric strength, specific 
haraness and coefficient of expansion, porosity or non- 
porosity, moisture and acid resistance, heat resistance, 
physical stability 

That means modern engineered ceramics offer you 
broad and unique design possibilities . electrically, 
physically and structurally . . . for special industrial and 
electronic applications. 

Centralab is the place to go for ceramic design help 
and information. They have more than 20 years’ exper- 
ence in the field and a complete staff of ceramic engi- 
neers, physicists and chemists ready to help you. A letter 
indicating your problem will place qualified personnel at 
your service — at no obligation. CENTRALAB DIVISION, 
GLoBE-UNION INC., MILWAUKEE, WISCONSIN, 


old design problems 


3 BASIC TYPES TO CHOOSE FROM 


STEATITE — Approved without limitations for grade L-5 ma 
terial. Grade L-6 also available. Uniform white, high dielec- 
tric strength, high mechanical strength, low dielectric loss at 
high frequencies. Impervious to moisture and common acids, 
does not warp, withstands high temperature, characteristics 
remain stable with age 


CENTRADITE — For use where low thermal expansion and 
high resistance to heat shock are desired. Composed chiefly 
of Cordierite, a magnesium aluminum silicate crystalline ma 
terial. White color. Low in porosity. Approved grade L-3 
material. Variations available to meet specific design and 
production requirements 


ZIRCONITE — Has low coefhicient of expansion, gooa thermal 
shock properties, high strength characteristics, Electrical and 
other properties are high enough for L-4 requirements 
Recommended for extruded or wet-pressed shapes. Variations 
available to meet specific design and production requirements 


oil het ’ 
ty 
NY * 
Division of GLOBE-UNION INC. ¢ Mirwavkee 
Write today for a copy of “Fine Ceramics by 
Centralab showing modern engineered 
ceramics in use their specifications and 
other enginecring data — ask for Bulletin No, 720 


PARTIAL LIST OF USES FOR CENTRALAB CERAMICS: tube socket bases (less meto! parts), voriometer rotor and stotor bers, coi! forms, switch stators 
and rotors, standoffs, feed through insulators. end plates for condensers, trimmer capacitor stators, ond rotors, metallized shafts, tubes ond plates of 
controlled porosity for filtering, crystal cases (metallized for hermetic sealing), forms for wire-wound fixed resistors, heating cores, forms to hold in- 
duction heating coils, cores for metal castings, terminal blocks and strips, tube parts, grid cops, guides for textile industry. 
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onus 


PRESENTS NOPAK 
**SERIES 1500" 
HIGH PRESSURE 
HYDRAULIC CYLINDERS 


Designed for heavy duty service at 
high pressures, the New 1500 Series 
embodies features which contribute 
to long-range dependability and 
trouble-free operation. Inc!uded are: 
Positively Locked Piston Assembly, 
Tubing Flanges secured by Lock- 
Rings, Compensating Rod Wipers, 
“©”-Ring Static Seals between heads 
and tubing. Available in 5 standard 
mountings, with or without Adjust- 
able Cushioning. 


WRITE FOR 
NOPAK 
BULLETIN HC-1 


GALLAND-HENNING MFG. CO; 


2762 S. 31ST STREET, MILWAUKEE 15, wis. 
e 
Representatives 


A in Principal Cities 
DESIGNED for AIR and HYDRAULIC SERVICE 


LY I LS NL A ES LTTE TTT IE GENEL DEL A LS ALL NT ALL RTE LE IN ot 
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— Saves time, 


Tue prominent compressor manufacturer in whose 
plant this picture was taken saves time and cost on 
his assembly line by using TAPER-LOCK Sheaves. 


To mount TAPER-LOCK just slip it on the shaft, 
line it up and tighten the screws while sighting. It's 
in place to stay on the first try. And — it comes off 
just as easily as it goes on —tomorrow or years later! 
No machined surfaces are exposed to corrosion. 


You, too, may profit by using TAPER-LOCK on your 
product — and on the production machinery in your 
plant. TAPER-LOCK Sheaves run true—they grip the 
shaft with firmness equal to a shrunk-on fit. Closer 
mountings are possible because there are no flanges 
or collars. 

Ask your Dodge distributor about TAPER-LOCK 
V-Belt Drives, Dodge Bearings, Clutches, Couplings 
—and the new Dodge Torque-Arm Speed Reducer. 
DODGE MANUFACTURING CORPORATION, 1200 Union St., Mishawaka, Ind. 


CALL A TRANSMISSIONEER ( ) 


—— 


He's factory-trained to help solve your pow- 
er-drive problems. Look for his name under 
“Powet Transmission Equipment’ in your 
classified telephone directory. 





nna 
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FiResTt (NN POWER 


TAPER-LOCK is the 
simplest, surest mech- 
anism ever devised for 


TAPER-LOCK sheaves 
are stocked in a com- 
lete renge of sizes in 
al Duty (A & B); B, 

C and D grooves. 


of Mishawaka, Ind. 


FOR YOUR NAME PLATE REQUIREMENTS, WRITE OUR SUBSIDIARY, 
ETCHING COMPANY OF AMERICA, 1520 MONTANA STREET, CHICAGO 14, ILLINOIS 





TRANSMISSION MACHINERY 





aipechcr Sn a syle neo 
ALDEN r 


“CAP-CAPTIVE RECENT BOOKS § 


CONVENIENCE SCREW” + gh Lo) fee) a for the : 

Ideal for fastening B: ae mee SC st: Product Engineer , 

detachable components AD OR Oe Boe oe oe Se them, op oe oe 
This truly “convenience screw” has been . . r 


10 days FREE 
tried, proved and standardized on by 


cnr MBE! | PROCESS ENGINEERING 


By William H. Schutt 
Wm. H. Schutt Associates, Detroit 

















e the blueprint . 
socket wrench, screw driver or coin. Can . mine the quantity and eg of 
—* to be used 
J, - Cy tools, dies, ites 
omical pro- 


fixtures for econ 
—. Here’s a money saving 
book that eliminates 
in cost-estimating. 


308 pages, $4.00 


: MACHINE DESIGN 
Se : Easily Made Captive By Poul H. Block 
fhiay meshing’ of sears provised castive rings Prof. of Machine Desigh, 
pan Rs specifications on this and ot esed nee oremaking Corneil : 


University 


ALDEN PRODUCTS COMPANY machine” Gengning. from the adap 


117 North Main Street, Brockton 64, Mass. poe Les gt Ak po 
thing rem goed Soom - uiing mugchine- design 


Includes Full atin of Stress 
Concentration 


ie gives tare anon concenation—it applicability 
Mass. Gear cenit! ——— 334 pages $4.00 
Engineering Applications of 
FLUID MECHANICS 


By J. C. Hunsaker, 
Dept. of Aeronautical Eng., M.1.T. 
and B. G. Righkimire, 
aoe of Mech. Eng., M.LT. 






































neces. 
aid me- 
. . presented in easy-to-follow form for 

ding of the principles involved. 








487 pages $5.00 


All Types of MEDIUM AND SMALL SIZE GEARS | | prpsnergererennrerecer 
Mass Gear will supply your gear gears and guaraniee you efficient and 
requirements in any quantity to meet uniform production. 

yeur quality specifications. e 

Mass Gear has the facilities to supply 

you with all types of gears in medium ll you have a gear problem, let Mass » nd tee A. AI aT, 
and small sizes. Gear help you. Write for free catalog ' 2 

A seasoned staff of gear-producing to Massachusetts Gear & Tool Co. 
specialists will help you design your Woburn, Mass. 








a Sve: * We ay maiting costs it ss cad coh 
Sum eo arawweenmmeswe 
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HOOVER 


ELECTRIC MOTORS 
give your reputation a clean start! 


When you make machine tools, you have no control over the 
operating conditions. But the tools are expected to perform 
regardless—in spite of dirt, sawdust, filings, or oil splashes 
that may prevent a motor from even starting. Which is why 
more and more manufacturers power their products with 
Hoover Motors! 


Hoove: 1 and 1%-horsepower capacitor-start motors get 
going on cue even under dusty, dirty conditions . . . for 
Hoover's centrifugal starting switch, with its oversize electric 
contacts of pure silver, is completely enclosed in a dustproof, 
dirt-proof external switch housing. No foreign matter gets in 
to lodge between contact points and cause trouble. And, when 
necessary, the switch can be readily reachedsimply by remov- 
ing its cast-iron cover. 


So specify Hoover Motors—to give your equipment AND your 
Téputation a clean start! 
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“HOOVER” NEW NAME FOR K-C MOTORS 


Motors made by the Kingston-Conley Division o 
The Hoover Company have long been known 


“K-C Motors.” In the future, these same fine mo- 


tors will bear the name of the parent company— 
maker of the world-famous Hoover Cleaner. Stand- 
ards of design, construction and performance con- 
tinue as high as ever—outstanding in the industry. 


THE HOOVER COMPANY 
North Canton, Ohio 
Kingston-Conley Division 
86 Brook Avenue, North Plainfield, New Jersey 
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STRESS AND STRENGTH | 


OF MANUFACTURED PARTS 


(Just Out!) 1. A guidebook for designers, engineers and 
metallurgists covering principles, methods and data pointed to 
the solution of strets and strength problems and the prevention 
and elimination of failures of and 
assemblies. Shows how to foresee and cor- 
rect faulty design; formulate a design 
strong enough to withstand service loads 
yet light enuugh to he economically feas- 
ible. Enables the metallu 
specify materials sufficiently 
for the loads, yet not necessarily 
quiring special alloys and heat-treat- 
ments. Outlines the factors affectin 
stress and strength and the means o 
achieving the proper balance between 
the two. Includes 175 charts relating 
to stress eg factors. 
ing Eng.; 
Eng., The Thew Shovel 
8. Clock, U. of Detroit. 259 








. 2. Here is a practical explanation of the im- 

-unique tools of a thousand uses for solving portant technique a costes beat te = 
pr uction @ meta parts. pila 

your production or end product problems where 


fundamental electrical principles involved— 
uired. Typical applications describes construction design of induction 
pce g eanye here are only a few of the ways that heating coile—discusses applications of in- 


* duction heating to specific problems .. . for 
VLIER spring plungers will sharply reduce your costs. HEATING hardening metal parts, joining of metal as- 
semblies in operation such ag brazing or 
- plunger has a rust-resistant, case-hardened head that soldering, anneai.ng, stress-relieving, or melt- 
completely into the body. ing pressures are (New 2nd Ed.) ing. Includes analysis of coil and fixture de- 
set j ant. has nati coarse class No. 1 sign; treats types of steel best suited to 
pret const Body induction hardening, and an outline of proc- 
freezing” in the fixture. Write today for ese handling equipment. By Frank W. Curtis, Cons. Engr., 
a coe wieue Gate the complete VLIER line. 389 pages. $6.00. 

3%. This book treats the whole field of trans- 
ANALYTICAL mission of motion and power by means of 
gears, polating the way to design of more 
MECHANICS effective gears for every purpose. Covers spur 
and helical gears on parallel shafts... and 
OF spiral, worm and hypoid gears on non-paralic! 
and non-intersecting shafts. Provides analyti- 
GEARS cal solution of gear tooth forms and im- 
portant material on gear teeth in action 
Covers friction losses and efficiencies, dynamic 
loads in operation, surface-endurance limits of materials, etc. 

soe atom’ hs By E. Buckingham, M.LT., 546 pages, $10. 
to @ “for | 4. Here is the information you need to pro- 
werd ond over’ ten- ALUMINUM duce articles from aluminum and mag- 
sien on the work nesium. Designers, engineers, manufacturers, 
piece. AND production men . « @veryone engaged in 
metal-working will find this book a valuable 
MAGNESIUM tool. Discusses alloys, basic stress and strain, 
hand and power tools, rubber hydraulic press, 
ond contour roll forming, ete Practical shop 
Fabrication techniques are fully covered as well as de- 


sign principles, applications and cost analy- 
sis. By R. Burt Schulze, Glenn L. Martin Co., 588 pages, $7.50. 


ANALYSIS 5. Here are the most recent developments 


and procedures in bearing analysis and lubri- 
AND cation. Covers general principles of bearing 

load analysis, hydrodynamic lubrication, ete 
Takes up aircraft-engine bearing loads, jour- 
nal bearings, high speed considerations, 
rolling contact bearings, bearing evaluation, 
ete., and analyzes new types and arcange- 


ments. By M. ©. Shaw, M.L.T., and E. F. 
SPRING STOPS Marks, Mech. Engr. 618 pages, $10.00. 


y, 
F where fixture wall secti not available f 
pro sianardimrembagroy ~); sse rental B SEF THESE BOOKS 10 DAYS FREE 
rate spring tension—case hardened, radiused plunger. | Send no money—mail coupon today. 


Oe oe SS See eee eee eee eee a 


VE TYPICAL USERS OF YLIER PRODUCTS <G McGrow-Hill Book Co., 330 W. 42nd St., N. ¥.C. 18 Bf 
INCLUDE = = 






























































i] oy i 
American Can Co., Bell & Howell Send me bookis) corresponding to numbers encircled below for 10 days’ exami- : 
nation on approva. m 10 days I will remit for book(s) I keep, plus few cents 
Ceo., Black & Decker Mfg. Ce., Crane for delivery, and return unwanted books postpaid. (We pap for delivery if you 
Co., Douglas Aircraft Co., Inc., inter- remit with this coupon; same return privilege.) 5 
national 


Business Machines Corp. ' 2 3 ‘4 5 


! 

eynique Products for All industries” ae : 

City 

VLIER MANUFACTURING CO. | -- a 
(This offer applies te U. S. onty) 


4552 Beverly Boulevard, Los Angeles 4, Colifornia | eee 
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Do vou USE Vil Mydraulica /, 


HYDRECO Special Purpose Valves 
for Oil-Hydraulic Control Circuits... 


P R OT 3 Cc £ “= hydraulic systems 


from shock and overloading with HYDRECO 
RELIEF VALVES. A differential pisto design per- 
mits use of lighter springs so that HYDRECO 
RELIEF VALVES provide more accurate control 
and have longer spring life. The dash-pot >ffect 
of the differential piston in the valve dampens 
rapid valve motion. HYDRECO RELIEF VALVES 
do not whistle, squeal or chatter when in operation. 


SIMPLIFY... field installations 


of accessory hydraulically controlled equipment 
with HYDRECO SELECTOR VALVES. By adding 
a HYDRECO SELECTOR VALVE to your circuit an 
additional operation may be performed without 
disturbing the original intent of the circuit. 


es 

CHECK VALV 

PRESSURE ay peso 

poe beagone DIVERTING VALVES 
crcu 


\\ Te 
D 


Zi 


BT sce teh HYDRECO 


VR SERIES 
RELIEF 
VALVE 


HYDRECO RELIEF VALVES 
furnished in various sizes for pressure ronges 
from 400-1650 p.s.i. and from 5 to 80 gallons 
per minute copacity. 


AUXILIARY 
CYLINDER 


CONTROL 
HYDRECO VALVE 
VS SERIES 
SELECTOR 
VALVE 


Al ._—MAIN 
CYLINDER 





AA— Oil flow to main cyl- 
inder A 


BB — Oil flew to auxiliary 
cylinder B 


HYDRECO SELECTOR VALVES 
for controiling single or dovble-acting cyl- 
inders. Capacities from 15 to 50 gallons per 
minute for recommended operating pressure: 
up to 1000 p.+.i. 





> HYDRAULIC EQUIPMENT COMPANY 


1112 EAST 222nd STREET + CLEVELAND 17, OHIO 
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Aluminum and Magnesium 
Die Castings 


—Vhe Designers’ Delight ! 


GREATER SCOPE FOR PRACTICAL 
AND ECONOMICAL PRODUCTION 
IS OFFERED BY THESE 
LIGHTWEIGHT METALS 


Versatile! Yes, versatile is the word that best describes the 
innumerable channels opened to manufacturers who se- 
lect light metal die ti o- The illustrati shown above 
include (1) an Alumi dometer Trim Housing, (2) 
Aluminum Filter Base for small engines, (3) Aluminum 
Automobile Distributor Base, and (4) a Magnesium Auto- 
mobile Fan Spacer. To achieve 

was ch for the first three of these parts. 
However, the durable and extra lightweight Fan Spacer 
was more ically and precisely produced through 
the use of magnesium die casting 


Die casting with these new light metal alloys offers to 
manufacturers greater opportunities to lower production 
costs and the weight of their products. Also, these metals 
allow more freedom of design and offer greater scope in 
carrying cout the designers’ ideas. In addition, these die 
castings save many man-hours of finishing time. 




















Die Castings of magnesium or aluminum may offer you 
solutions to many of your cost and production problems. 


LITEMETAL DICAST, INC. is an organization of specialists — 
men thoroughly experienced in the casting and machining 
of magnesium and aluminum alloys — the new metals of 
structural design. 


Write today for literature and case histories of 
Litemetal Dicasting. 


Quick action 
on inquiries. 


LITEMETAL DICAST 


197 "s1G8)' £0) 8)! 


Inc. 





Leach for 


LEACH RELAY CO. offers a wide 
range of control relays of standard 
types; and stands ready to link 

new designs to your specific needs. 
Highest standards of engineering, 
materials and workmanship assure 
long, safe, efficient, trouble-free 
service. 

FOR BETTER CONTROLS THROUGH 
RELAYS—CONTACT LEACH 





EACH RELAY GO. ) 


5915 AVALON BOULEVARD © LOS ANGELES 3, CALIF. 
Representatives in Principal Cities of U.S. and Canada ~ 











KUNKLE SAFETY AND 
RELIEF VALVES 
uP TO 


RELIEVING 
*CAPACITY 
PER SIZE 
* N.B. Certified for AS.M.E. 
Kunkle steam air and gas safety 
and relief valves lower your 
costs with increased capacity 
per size. Get this Kunkle bonus. 

Specify Kunkle Valves. 


Bronze, iron and steel, 
Wide range of pressures 
and temperatures. 


Write for Catalog and Capacity 
Data Covering Standard Items, 
Send Specifications and Inquiries 
For Special Assemblies to: 


KUNKLE VALVE CO. 


117 SO. CLINTON ST, 
FORT WAYNE 2, INDIANA 
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Kollsman Circutrol units offer a high degree of ver- manufactured by i silsman Division, specialists for 


satility as phase shifters, indicators and controllers. over twenty years in precision aircraft instrumentation 
And when two or more are connected electrically, the and control. Each unit represents the solution to 
solution of many complicated problems and func- specific requirements. Among those available, you 
tions is possible. These units are designed with high may find the exact answer to your control problems. 
impedance windings to perform over a wide range of If not, the experience and skill of Kollsman engin- ¥ 
voltages and frequencies — characteristics that facili- eers may be called upon to produce units to your 
tate working them directly into any electronic circuit. particular needs. For complete information, address: 

The Circutrol is but one of a complete line of mini Kollsman Instrument Division, Square D Company, 
ature special-purpose AC motors engineered and 80-56 45th Avenue, Elmhurst, N. Y. 


KOLLSMAN INSTRUMENT DIVISION 


For Electronic Computation 
| 





SQUARE Jj COMPANY 


CL MHURST, KEW YORK GLEMDALE, CALIFORMIA 











The Key 


to production 
problems 














Open the door to 
greater production 

with Sterling Slo-Speec 
electric power drives. 


LLL 


ELECTRIC MOTORS 


Plants: New York @ Los Angeles « Hamilton, Conodo 


Offices in Principal Cities 


VIKING 


FEATURES THAT MAKE 
FOR GOOD PUMPING 





ONLY TWO MOVING PARTS. Both large and 
rugged and each self-supported. No small intricate 
@ parts requiring frequent replacement 











@ even discharge No pulsation 





SELF PRIMING on suction lifts up to 20 feet or 
vaporization limits on volatile liquids. Smooth, 











@ volume 





SLOW SPEED—LONG LIFE. Reduced speeds of 
Viking pumps prolongs life and still retains large 














OPERATES IN BOTH DIRECTIONS. Viking 
pumps operate equally well in both directions. 
@ Simplifies ordering and installation 














SINGLE STUFFING BOX. Long, icak resistant 
@ stuffing box. Easily serviced 








i a Pump Company 
Viking Cedar Falls | 


lowa 





Chemical 
Resistant 


RUBBER PARTS 


Ay, 
Go) } 





both concentrated and diluted, is 
featured by custom rubber parts 
fabricated from new specially-com- 
pounded stocks developed by The 
Stalwart Rubber Compony. These 
new stocks are recommended for 
applications in which ports are sub- 
ject to aniline, acetone, ethyl chior- 
ide, and numerous other chemicals. 

Stalwart’s special compounds al- 
so feature high resistance to animal 
fats, vegetable oils, ozone, oxygen, 
acids, alkalies, steam, extreme wea- 
thering, sunlight and dry hect. 

Rubber parts made from these 
compounds have outstanding flex 
end abrasion resistance, and di- 
electric properties make them svuit- 
able for use in electrical equipment. 

The Stalwart Rubber Company is 
prepared to mold, extrude, and 
die-cut custom rubber ports in lim- 
ited of production quantities from 
special or standard stocks. Recom- 
mended applications include seals 
and stoppers for chemical containers, 
goskets and washers for systems 
handling highly corrosive acids or 
olkaties, tubing for installation in 
corrosive atmospheres or for convey- 
ing diluted or concentrated chemicals. 

Write for 
Pp Teday. 


5 T ALWAR T 
RUBBER COMPANY 


Specify Stalwart for Quality 
Custom Rubber Products 
5166 NORTHFIELD ROAD 
BEDFORD, OHIO 
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JOHNSON BRONZE JOHNSON BRONZE 


— 


SLEEVE BEARING 








SLEEVE BEARING 
DATA 








Conformability 


IHZ tolerance of adjustment to 

loading or misalignment is known 
as conformability. If a bearing could be 
kept in perfect alignment with the shaft 
it supports and if an oil film could be 
maintained at all times, there would be 
no need for more than one bearing material. 
This ideal bearing material would be hard 
so that it would resist changes in load that 
would be expected in normal machine 
operations, whether these be starting loads, 
firing loads or loads due to work of the 
machine. 


Actually it is well known that perfect 
alignment is seldom attained. Tolerances 
alone, if they are all in an unfavorable di- 
rection, can add up to slight misalignment. 
The tolerance in location of a hole, plus the 
tolerance of the bore, plus the tolerance of 
the bearing wall, plus the tolerance of the 
shaft, presents a difficult problem for the 
design engineer. 


Part of the problem is solved by selection 
of a proper bearing material. Advantage is 
taken of a different kind of tolerance—a 
tolerance of the bearing material to move 
and adjust itself to unfavorable loading or 
to slight misalignment. 


Conformability is also very important if 
the oil film is broken and peifect lubrica- 
tion is lost for a short period. As soon as the 
oil film is broken the local bearing area 
starts to heat and local dimensions change. 
If the material is conformable it will move 
to better support the load. Then when the 
oil film is reestablished the bearing will run 


cooler than before. These are some of the 
changes that take place during break-in 
and explain why a bearing will change and 
even show signs of distress in the first few 
hours of running and yet run many hun- 
dreds and even thousands of hours with 
little change after break-in. 


In general, soft materials conform so that 
conformability is an inverse function of 
hardness and is thus best in the babbitts. 
Unfortunately if a material is too soft, it 
will move under high loads and the prop- 
erties of conformability must come to a 
compromise with the properties of load 
carrying capacity and fatigue resistance 
which are associated more with hard ma- 
terials than soft materials. A compromise 
for this situation is to use a thin layer of a 
soft babbitt on a harder backing such as 
bronze or steel. Then the harder backing 
will carry the load while the thin babbitt 
will furnish desirable bearing properties 
and yet carry higher loads due to its 
thinness. 


For higher loads bronze on steel is used. 
Conformability is sacrificed at the expense 
of gain in load carrying capacity with the 
necessity of design for mors ideal con- 
ditions for bearing operation. 


In the use of steel backed bearings, con 
formability is lost because the steel has 
less ability to conform compared to the 
bearing materials used at the running 
surface. If the lining material is soft it will 
conform, but if it must be thin conform- 
ability is limited. 


Relative Comparison of Conformability 


Babbitt 


a i Re 
Bobbitt! on siccl AC aan 


Leaded bronze 
Aluminum alloy —x 
RET CE, 
TE 


Bronze on steel 
Tin bronze 
Steel 


Relative properties of bearings based on 
wide bearing experience showing relative 
conformability and tolerance to scoring at 
expense of low fatigue resistance and low 
load carrying capacity. The relative posi- 
tion of a bearing material will change from 
this generalization with the composition 
of the alloy, for instance the amount of 
lead in a leaded bronze. It will also change 
remarkably with the thickness of babbitt 
on a backing material. 


SOFT MATERIALS 


High Conformability 
Low Tendency to Score 
Low Load 

Low Fatigue Life 


HARD MATERIALS 


Low Conformability 
High Tendency to Score 
High Load 

High Fatigue Life 


If a bearing such as solid bronze is subject 
to a deforming load, the bronze will move, 
not only at the bearing surface but at the 
back. The whole bearing will move. The 
surface will conform to the new shaft 
position, the beck will seat itself more 
properly and the bearing as a whole 
assume a proper running position. 


A bearing cannot be selected on the t 
of one desirable property. If very hig! 
loads are. required fatigue resistance 


selection of alloys is limited. The pr 
bearing material must be selected to 
fit the operating conditions. 


Engineering Service 


Johnson Bronze offers manufacturers 
all types of equipment a complete engi 
neering and metallurgical service. We c 
help you determine the exact type 
bearing that will give you the great 
amount of service 


on facts free from prejudice. Why not tax¢ 
full advantage of this free service? 





y 


SLEEVE BEARING HEADQUARTERS 
508 S. MILL ST. + NEW CASTLE, PENNA. 
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Purebon@ 


solves 
many problems 


caused by sliding or rotat- 
ing parts which are difficult 
or impossible to lubricate 


A constantly increasing stream 
of proble:ns are facing engineers 
and designers today involving 
sliding or rotating parts where 
lubrication is difficult or im- 
possible. For such applica- 
tions, Purebon, the mechanical 
carbon, is often the ideal 
answer. Typical applications 
are seal rings, bearings, 
pistons, piston rings, pump 
vanes, valve seats, meter discs, 
and a host of similar items. 
Purebon comes in a wide 
variety of grades. It is strong, 
tough, readily machineable and 
in many cases can be mold- 

ed directly to size. 


Bulletin No. 482 cells the 
complete story of Purebon. 
Write for your copy today. 


PURE CARBON CO., INC. 


, 448 HALL AVE. ST. MARYS, PA. 








DO YOU KNOW? 


—that a PILOT LIGHT 
CAN IMPROVE YOUR PRODUCT 
. - .add attraction—safety—service ? 


—whaot lamp fo ute 
— how fo use it 
— whet # will do 
—whot # will cost 


THIS MAY BE THE ONE 
Designed for low cost NE-51 Neon 
@ Built-in Resistor @ Patented 
@ U/L Listed @ Rugged 


Catalogue Number 521308 — 997 
fer 110 or 220 volts. 


SAMPLES 
for design purpose 
NO CHARGE 


NEW! vivtoscox’ oF puor ucHTs.~ 


Write us on your design problems. 
Foremost Manufacturer of Pilot Lights 
The DIAL LIGHT COMPANY 


of AMERICA 
900 BROADWAY, NEW YORK 3, N. Y. 








Put ALL of the Oil to Work 


OUT OF 
YOUR CIRCUITS 


Maximum circuit efficiency 

and flexibility originate in 

the hydraulic pumping unit. 

RACINE Variable Volume 

Pumps, with built-in govern- 

ors, deliver only working oil 

There is no by-passing—no relief valves, no excessive 

heating, no waste of horsepower. Write for the new, 

3-color catalog. Address Racine Too! & Machine 
Co., 1772 State Street, Racine, Wis<onsin. 


Interchangeable Governor Controls 


RACINE Variable Volume Pumps 
are available with governors for 
hydraulic, manual, mechanical 

or electric control. 


men 1 014 es 
panne 


UALITY AND PRE ON : we 


STANDARD FOR QU 
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All moving parts are controlled hydraulically by T-J Cylinders 
—on this Malleable Nut Production Machine designed and 
built by Roy Hays & Associates, Rockford, IIL, for the 
Wagner Malleable Products Co., Decatur, III. 
It's fully automatic—the operator only places nuts in sta- 
tions. Nine T-] Cylinders, 40 ton to % ton, help complete 
the job of cutting off sprue, sizing, boring, 
facing, chamfering auc threading 2,500-% 
std. pipe thread nuts per hour. 
For your tough jobs of power movement 
—pushing, pulling or lifting—save /abor, 
speed production and cut costs with T-] Air 
and Hydraulic Cylinders! Many standard 
sizes and styles ... both cushioned and non- 
cushioned. types... 100 Ib. or 50,000 Ib. 
Precision-built for long-life dependability. 
Write for latest catalogs. The Tomkins- 
Johnson Co., Jackson, Michigan. 








NICHOLSON CONTROL VALVES feature 


EASY MAINTENANCE 
an 


A survey of maintenance men shows these 6 
reasons for tie increasing standardization on 
Nicholson cylinder control valves: 
1) Specially treated hord 
seats; don’t cut out. 
= 2) Seating surfaces pro- 
tected from dirt, grit. 
: ale gaskets and 
gland packing to suit 
service. 
4) Generous stuffing box, 
easily repacked. 
5) Heavy - bodied, take 
wouse. 
6) Simplicity of design, 
minimizes maintenance 
time. 


Nicholson standard and special valves in 
lever, foot, solenoid, motor types; for air, 
gos, oil, steam, water; size 44" to 244"; press. to 5000 Ibs 


Bulletin 546 or see Sweet's 


W. H. NICHOLSON & CO. wv itccecknne: ra. 


Sales and Engineering Offices in All Principal Cities 





: 











GRANT ..- ball etirlinie slides. os 


for Consoles. Chassis and Racks. 
Grant manufacturers a slide to meet 
every requirement — slides to carry 
from 25 lbs. to 2,000 ibs. — a slide to 
solve any chassis slide problem. 





Grant's pioneering and engineering 
research for over half a century is 
your guarantee of quality mechan- 
isms. 

Cross sections showing space . 
requirements. 

WRITE DEPT. PS FOR COMPLETE 

ILLUSTRATED INFORMATION. 


the foremost name in sliding devices 


GRANT PULLEY & HARDWARE CO. 
33-40 57th Street, Woodside, L. |., N. Y. 


Representatives in all major cities 





FEATURES 


SENSITIVE — Relay action initi- 
ated by external contact as 
high as ONE HALF MEGOHM 
with current as low as 1/10000 
ampere. 

LOW COST -- Electfonic sensi- 
tivity and features at a cost 
comparable to ordinary relays. 


SMALL SIZE — Mounts on a 
standard 4 inch electrical con- 
nector box. 


DEPENDABLE — Simplified cir- 
cuit plus silver relay contacts 
assures long service life. 


ECONOMICAL — No tube filo- 
ments to consume power during 
“OFF” cycle. 


VERSATILE — High contact pres- 
sure on silver contacts allows 
conservative rating of four (4) 
amperes, with a choice of either 
opening or closing o circu’t, or 
to simultaneously open one and 
close another. 


AUTOMATIC HOLD CIRCUIT — 
Connecting terminals provide oa 
choice of conventional relay ac- 
tion, or allow a momentary 
contact to energize relay and 
cause it to automatically remain 
energized until manually reset 
by “Reset” switch. 


APPLICATIONS 


LIQUID LEVEL CONTROLS 
SAFETY ALARMS 

STOP MOTIONS 

DROP WIRE DETECTION 





vty, 2 
are *U $. Par. No- 3007 


od is outstand- 
bushings, and 
xcellent physi- 


1 propertie s! 


R 
ase No. 444 Bronze 
= good for bearings, 
the like, and een e 

cal and corrosion resi 


For those tough jobs...3 Chase Special Alloy Rods 


... made to see you through 


C baw: three special rod alloys were 
specifically developed to meet cer- 
tain unusual needs of industry. They 
were designed to help solve manufac- 
turing problems that you may encounter. 
They typify the xind of service Chase is 
prepared to offer you. 

In addition to these special alloys, 


Chase 


WATERBURY 20 CONNECTICUT 
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Chase regularly produces—in rod—10 
non-leaded alloys, 7 leaded alloys of the 
highest quality . . . making it the sim- 
plest thing in the world to obtain one 
or more rod alloys that will do exactly 
the job you require. Start now to draw 
upon this wealth of production and re- 
search facilities. Call Chase today! 





fr 


BRASS & COPPER 


SUBSIDIARY OF KENNECOTT COPPER CORPORATION 





Ni axe PEERLESS ELectric GOUT 


MOTOR DEPARTMENT 


@ When you bring your motor problems 
to Peerless Electric, you add a motor de- 
partment to your plant facilities. Peerless 
is small enough to give individual engi- 
neering attention to your motor require- 
ments—large enough to manufacture the 
motors you need in any quantity. 


We can give you the same quick action on 
special motors that you could get in your 
own plant if you had a motor department 
—action that will give you promptly the 
information or samples you may need. 


THE PEERLESS ELECTRIC COMPANY * WARREN, OHiO 
Manufacturers of Quality Motors for more than 55 years. 
Single Phase © Polyphase © Direct Current Motors 


Once you have chosen 
Cash-Acme valves as 
component parts of your 


tn onions. vm SMALL METAL STAMPINGS 


valve feilues or sudden aap \ In Accordance With Your Prints 


vegan Extensive modern plant, complete equipment, 


We invite you to in- i engineering and toolmaking skill for produc- 
vestigate Cash-Acme di- r : ing your stamped metal parts accurately, 
rect acting single seated (OM ' economically, promptly. Moderate die 
Pressure reducing volves A | charges. Facilities for large volume produc- 


for steam .. . water... 


tion. We welcome stamping problems. 
air. . . or gas lines. 


TERMINALS fer ELECTRIC WIRES 
Specialists in the terminal field, we have 


. Type B valve. For full 
CASH-ACME information, request dies to produce over 400 different kinds of 
a emtateg 144. rate terminals. Every modern facility t 
Automatic Valves cn a oe el la 


meet your standard or special requirements. 
A. W. CASH VALVE MANUFACTURING CORP. } 


€$62 EAST WABASH AVENUE DECATUR, ILLINOIS, U. S. A. PATTON: M ac GUYER COMPANY 


Edgewoed Station Providence 5,R1. 
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SAVING 25%—STRONGER FASTENINGS. 
Durant Mfg. Co. uses several P-K products to ad- 
vantage in their Productimeter. Four Type F Self- 
tapping Screws fasten the mounting plate to the 
cover frame, two Phillips Recessed Head P-K Type 
Z Screws fasten the cover to counter frame, and 
another fastens the spring to the counter arm. The 
manufacturer says, “Only with P-K Screws could 
we get the simpler, speedier, stronger fastenings we 
wanted.” Wing Nut on end and Set Screw in arm 
are also P-K. Find out how you can make similar 
savings. Talk to a P-K Assembly Engineer. 


Three steps are needed to insure assembly savings. First 
engineer your assembly for minimum cost. Next, select th 
simplest, speediest fastening method. Then, if as in most ca: 
you find this to be with Self-tapping Screws, use the best that 
money can buy. For, if screws run offsize, if they break o 
otherwise fail, all your carefully planned savings are lost. 


.. avoid slowdowns and scrapped parts 


Parker-Kalon, originators of Self-tapping Screws, learned long), 
ago how to keep hardness and toughness properly balanced in 
every screw—learned to maintain the uniform quality that keep 
assembly humming. And there's no substitute for 35 year@ 
experience. 


Remember, the actual cost of screws depends, never on price 
always on performance. Specify Parker-Kalon, and you'll se 
why the makers of thousands of the nation’s best kno 
products say—IF IT’S P-K ... IT’S O. K.! 


Parker-Kalon Corporation, 200 Varick St., New York 14, N.Y 
Sold everywhere through accredited Distributors. 





*TRADE MARKS RES. U. &. PAT. OFF. 


#. 


aN The Onigined 
p-K PARKER-KALON) SELF-TAPPING SCREWS 


4 vanes mane \ A TYPE AND SIZE FOR EVERY METAL AND PLASTIC ASSEMBLY 





Propucr Encinerrinc — May, 1950 


309 





WHAT IS YOUR 
DRIVE PROBLEM? 
HIGH SPEED? 
A Ramsey Chain will operate at speeds 
higher than any other make of chan or other 
type of transmission, Lack of friction makes 
this possible. 
waaay (oh snd 
A Ramsey Chain requires no more lubricant 
than you would give a frictionless bearing. 
No oil bath necessary with resulting oil leak- 


age. 

POSITIVE RATIO? 
Positive contact between chain and sproc- 
kets insures full delivery of power at pre- 
determined speeds. No slippage as with 
any type of belt. No waste of power. 

SPACE RESTRICTIONS? 
Ramsey Drives are compact. They can be 
installed on short centers with sprockets of 
small diameters and housed in the body of 
the machine. 


These features and many others are made possible by the joint 
below of the lameoy Roller Becring foint. ite illustration 


the Bearing it. 

chain like i A Bamsey Chain, wi 

means Ghent eocsstion, aitelammman 

life to the drive. It will be to your advantage tc investi- 


— 


See how it 


ROLLS... 


Note that the two 
chain 


SEND FOR A COPY of the 60-page 
fully illustrated Ramsey Application 
Manual. It will show you how 
easily you can improve your prod- 
uct b, improving the drive. 

















RAMSEY CHAIN CO., INC. 


5051 BROADWAY? ALBANY, N. Y 
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INDISPENSABLE . eee 
ines crequipment  ectiont © plete 360 with 
no flow restriction. Four styles for standard pipe sizes 4" to 3”. 
ECONOMICAL . . . simple in design, Flexo Joints contain ne 
springs, no small or loose parts—assure long wear, extremely 
low maintenance cost. 


Write for literature on FLEXO JOINT uses. 


FLEXO SUPPLY-CO., Inc. 


4650 Page Bivd. St. Louis 13, Mo. 
in Canada: S. A. Armstrong, Lid., 1400 O'Conner Drive, Toronte 13, Ont. 








i piration — 
Dulac Clear Universal Lacquer #462. It's formulated to 
give good adhesion with either the spray, dip or brush 
method. And it fits into fast production sched: because 
in five to ten minutes this successful general purpose 
lacquer dries out of dust . . . hardens in one hour. For 
complete information, write for Technical Data Bulletin 
110 or let an M&W technical consultant discuss your 
requirements privately with you. 


rOettes 
tes PROTEC TsO 


echere indushy goes with finishing problems 





| MAAS & WALDSTEIN COMPANY 
law Sre rie raves 4 ee 
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&Feuid PowrernA Amprcoves Pracduction 


Series 6200 2- and 3-Way Valves 


Real economies may be achieved in a wide 
variety of standard applications with these 
new, highly compact 2- and 3-way 14" port 
air valves. Also practical for many specialized 
jobs. May be equipped with any of five types 
of controls. Designed with dual mountings. 
The 6200 series is manufactured with three 
ports, one of which may be plugged to make a 
2-port valve. They are designed for remote 
control of bleeder- and pilot-operated master 
valves, single-acting air cylinders and many 
other similar uses. : 4-Way 


Model 6350 
Series 6300 4-Way, 2-Position Valves 


These new 4%" port Logan valves have the 
oe a features and aye joa as 
the 2- and 3-way valves: five ty of controls; 
a" rake yr dual mountings. Practical for gar range of 
standard applications and for many specialized 
jobs. All ports and internal passages are full 
Type of activation of any valve in the pipe size. All parts are corrosion-resistant. The 
6200 or 6300 Series may be changed valves can be located in any desired position. 
to suit the requirement simply by 
adding above parts as desired to the 
basic valve. 


FREE ENGINEERING 
SERVICE 


Ask Logan engineers for valuable 
assistance in designing complete air 
circuits and in selecting effective types 
of equipment. No obligation. 


GULL 


Write today for your free copy of the 
new Logan Catalog No. 100, Section 4. 
Contains complete listing plus illustra- 
tions and diagrams. 


FLUID POWER SPECIALISTS SINCE 1916 
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ONE LITTLE PART 
for a lof of hig jobs 








TWICE 
ACTUAL SIZE 














sowen wwe ORE TERMINAL PLATE. 











Lionel designed this non-turning, self-fastening 
binding post for making electrical connections to 
model railroad equipment, such as coal loaders. 
A multi-purpose fastener for a high quality 
product, it must be prefabricated with precision, 
speed and economy. Progressive provides the 
perfect facilities for specials such as this. 


A combination tubular rivet and threaded post, 
the connector eliminates separate parts such as 
nuts and lock-washers, excludes expensive hand 
operations and permits multiple assembly. Made 
of headed stock, it curls without cracking. 
Serrations lock the post to keep it from turning. 
Tubular section holds the post to its base and 
may be used further to hold a soldering lug, etc. 
Drawing detail above shows the multiple func- 
tions performed by the fastener. 


Special fasteners are our specialty. IF IT’S 
SPECIAL, see PROGRESSIVE. 





_ WRITE FOR OUR CATALOG 
NIT MAY SAVE YOU MONEY 





@) Te PROGRESSIVE 


MANUFACTURING COMPANY 


48 NORWOOD ST., TORRINGTON, CONN. 


SALES OFFICES: SAN FRANCISCO, LOS ANGELES, 
PORTLAND, DETROIT, PHILADELPHIA, CLEVELAND, 
SEATTLE, BOSTON, SYRACUSE, ST. LOUIS, CHICAGO. 





Highest Qualifications 


y) 
MEETING 
RIGID DEMANDS 


The remarkably wide range of uses 
to which components made and 
processed by Western Felt are as- 
tonishing. It is serving in scores of 
industries—from women’s hats to 
50 ton forge hammers. In the auto- 
mobile field alone, as an example, 
this felt has been chosen to best 
serve in more than thirty purposes. 

Western Felt engineers and 
chemists for decades have worked 
in close cooperation with users of 
felt to give them the very highest 
quality of material, exactness and 
uniformity. There are still a world 
of potential uses for Western Felt 
products, made to almost any 
shape, size or consistency. They 
range from wool softness to rock 
hardness. When cut, it does not 
fray or lose shape. It can be cut to 
close tolerances for such products 
as gaskets, washers, channels, 
grommets, filters, seals, etc. It can 
be made waterproof and fungus- 
proof and flame resistant. It will 
pay you to place your felt require- 
ments in the experienced hands of 
Western Felt. Its counsel and prod- 
ucts will prove profitable. 
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PERFECT 
PERFORMANCE 
FOR 

PUMPS 


Here’s a 


proven impeller in P| AST|G S| 
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Constantly immersed in water—perfectly balanced for vibrationless high-speed 
performance—Kurz-Kasch moulded plastics take or a new pumping job with 
the same old, proved results : tip-top performance and low-down cost. Just ask 
Hummer Manufacturing Co., makers of an outstanding line of quality jet pumps. 


It’s their centrifugal impeller that you see here—the single moving part in one 
of the most efficient types of modern well pumps—actuclly, the heart of the 
entire mechanism. It used to be made of forged or sand-cast brass. Inasmuch as it 
revolves at 3500 RPM, finishing operations were extensive, including machining, 
hand-finishing of water passages, and balancing. Results were good generally, 
but expensive—so Hummer engineers decided to see if plastics would meet their 
exacting requirements. 


This job does it, performance-wise and cost-wise both! It has passed 7 years 
of laboratory and field tests with colors flying! We recommended an improved 
high-impact phenolic, moisture-resistant with special resistance to alkalis and 
acids. We mould it in 2 pieces, with insert and bushing moulded in ; ccol it in 
a shrink fixture for a straight, tight, gapless fit. Finishing consists merely of flash 
removal, facing inserts and riveting. 


Look at the difference in costs! Look at what Hummer engineers say about 
performance! Look—say, if you want a job done for you in plastics, just look 


our way ! We answer inquiries promptly. 


Moulded Plastic Impeller— 
by Kurz-Kasch 


Kurz-Kasch, inc. * 1427 Sevth Broedway * Deyten 1, Chie 


BRANCH SALES OFFICES: New York, Lexington 2-6677 
Chicago, Harrison 7-5473 * Detroit, Trinity 3-7050 
Philedeiphia, Gronite 2-7484 * Delles, Lakeside 1022 
Los Angeles, Prospect 7503 * St. Lowls, Rosedole 3542 
Terento, Cenede, Adeloide 1377. 


EXPORT OFFICE: 89 Brood Strect, New York Cir 
Bowling Green 9-775). 
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R-B-M INDUSTRIAL 


co 


OLS LEY 7) al 


Underwriters’ 


Approved. 


600 Volts AC 


zZE 

Non-Reversing 

2 to 4 Pole 2-3/4" w. x 3-5/8” h. x 3-5/16" 2. 

5 to 8 Pole 5-9/16" w. x 3-5/8” h. x 3-5/16" d. 

Reversing 

2 to 4 Pole 5-9/16" w. x 3-5/8" h. x 3-5/16" d. 

Note: 10 and 15 ampere contactors have same mounting 
and overall dimensions. 


ACCESSIBILITY 


To replace contacts, it is not necessary to disassemble the 
complete contactor. Just remove the parts comprising the 
stationary and movable contacts. Contacts can be replaced 
without disturbing wiring. To change coil, remove magnet 
frame and coi! assembly only. (See illustration below.) 


FLEXIBILITY 


Using a screw driver only, you can easily change any pole 
from normally open to normally closed. No special parts 
required. 10 and 15 ampere parts are interchangeable. 


Laboratory tests involving millions of operations, plus field 
service of thousands of R-B-M contactors on door operators, 
radio transmitters, packaging and weighing machinery, hoists, 
machine tools and many other industrial applications offer 
proof of dependable, trouble-free performance. 


ADVANCED DESIGN 


Where space is a factor, and 
accessibility a must—use 
R-B-M industrial contactors. 
Initial low cost plus depend- 
able performance will save 
you money. Write for Bulletin 
600 and price list on your 
company letterhead. 


Dept. 


v 
v 
y RELIABILITY 
v 


Melamine Insulation. Molded coil housing. Isco solderless 
connectors. 50/60 cycle magnet coils. Palladium silver con- 
tacts. Stainless steel self-contained 


contact springs. ce 
. 


C-5 R-B-M DIVISION OF ESSEX WIRE CORP. 


Logansport, indiana 





~ TRACING CLOTH 
FOR HARD PENCILS 


@ Imperial Pencil Tracing Cloth has the 
some superbly uniform cloth foundation 
and transporency as the world famous 
Imperial Tracing Cloth. But it is distinguished 
by its special dull drawing surface, on 
which hard pencils can be used, giving 
clean, sharp, opaque, non-smudging lines. 

Erasures are made easily, without 
damage. It gives sharp, contrasting prints 
of the finest lines. It resists the effects 
of time and wear, and does not become 
brittie or opaque. 

Imperia! Pencil Tracing Cloth is right 
for ink drawings as well. 


TRACING CLOTH 


SOLD BY LEADING STATIONERY AND DRAWING MATERIAL DEALERS EVERYWHERE 


How YOU CAN Get 
COMPACT Pewer CONTROL 


engineers are able to recom d 
ROCKF e D consarce | ry 
a 
© bulletin 


specific or write for 
size clutch best suited 


suggest 
covering the type 
for your product. 


ROCKFORD 


Light Over-Center 


CLUTCHES 


ROCKFORD CLUTCH DIVISION 
sORC-warnen 
209 Catherine Street, Rockford, iilinols 


a, IIR, 


< 
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ONE OF A SERIES DEMONSTRATING APPLIED LUKENOMICS 


DEDUCTING MAINTENANCE 


.. OF how to insure long life in high-temperature exhaust ducts 


A Consolidated Edison Company plant in New York experienced 
costly failures in atmospheric exhaust ducts because of corrosive 
and erosive action developed in discharging exhaust steam, en- 
trapped gases and chlorinated salt tidewater from the 110,000-kw 
turbines and auxiliary equipment. In 1946, nickel-clad steel 
ducts were installed. Their modern design facilitated mainte- 
nance by permitting shorter flanges for two feed lines exhausting 
from the auxiliary lubrication pumps. In December 1949, over 
three years later, the ducts were found io be in excellent condi- 
tion, and savings had more than returned original installation 
costs. 


Such strides in equipment design in the last two decades have 
resulted in increased efficiency . . . lower maintenance and 
operating costs . . . improved performance. Many of the improve- 
ments have been the result of the cooperation between engineer, 
designer, fabricator and materials supplier. We call this Luke- 
nomics. Such an approach is at your disposal to help solve your 
cost and amortization problems along with other vital considera- 
tions. 





eeeeeeeee 


To obtain the advantages of equipment built by fabricators ap- 
plying the Lukenomics principle, write our Manager of Marketing 


Service, Lukens Steel Company, 405 Lukens Building, Coates- 
ville, Pennsylvania. 


A nictel working surface is so satisfactory for exhaust 
duct service that C lidated Edison C y of New 
York is standardizing on this design. For meximuem 
economy the ducts are fabricated of Lukens Nicke!- 
Clad Steel. 








LUGENS 








BETTER PRODUCTS FOR BETTER EQUIPMENT 





LUKENS STEEL COMPANY 
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~ 

FOR REDUCED. _ 
STORAGE 
REQUIREMENTS 


are delivered flat, they save storage space, 
and yield extra work area in the shipping 
room. For example the All-Bound mats 
illustrated occupy only 42 cubic feet, 

but make up into 225 cubic feet of 


FOR 1-MINUTE 
ASSEMBLY 


FOR BETTER, 
SAFER STACKING 


structural strength for large 
and small containers 

to meet all warehousing 
requirements. Note* 











“Send for this free book! Explains in detail Wirebound principles, od- 
ventoges, features and describes how Wirebounds are designed to suit 
every size and shape of product. Mail coupon today. 
Wirebound Box Manvf: Assn., Room 1820, Borland Bidg., Chicago 3, Ill. 
O. Send Booklet of Product Informotion [] Send o Sales Engineer 























ONE-PIECE SELF-LOCKING NUTS 


The FLEXLOC is one-piece, all-metal...has ample 
tensile and long life. It is a Stop and Lock-Nut that 
can be reused many times. Its “chuck-like”, resilient 
locking segments lock the FLEXLOC securely in any 
position on a threaded member. It positively “won't 
shake loose”, yet can be removed easily with a wrench. 


Write for Catalog 619, it’s full of information. 


SF STANDARD PRESSED STEZL CO. 





JENKINTOWN 28 PENNSYLVANIA 





CONSTANT 
BELT CENTERL 


y TO Vv DRIVE 
sizes % to 10 h-p- 


Of proven design. Roto-Cone vari- 
ad pe Ke ep? 
-change problems adding 
to the productivity, flexibility or / 
saleability of your product. Exclu- 
sive rack and pinion arrangement 
provides equal lateral movement _ 
of both discs, therefore belt align- 
ment is constant. Unit is easy to 
install in any position. Roto-Cone 
drives include variable speed pul- 
leys. V-groove driven sheaves, * 
wide V-belts and adjustable motor | 


Write for details or request the 
services of our speed control en- ie 
gineers. x 


GERBING MANUFACTURING CORP. . 
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The day drudgery went out of style! 


Problem: Housewives hated the drudgery and scrubbing 
needed to keep their home laundry clean. Manufacturers 


wanted easy-to-clean finish. 


Solution: Industrial Finish Engineers put this drudgery 
out of style by developing a special finish for automatic 
laundry equipment and other appliances that can be cleaned 
quickly with damp cloth. This finish does not chip—is heat- 
resistant —takes less time to apply and dry than old finishes. 


A cost-saver. 


Save time — cut costs through 


Industrial Finish Engineering! 


This may be your chance to cut your 
manufacturing costs! Lower your 
break-even point! Save valuable 
manufacturing minutes! 

Industrial Finish Engineering has 
done these things for many of Amer- 
ica's leading manufacturers. Find 
out, today, what it can do for your 


product, Contact an Industrial Fin- 
ish Engineer. 

For the Finish Industry has tech- 
nical ability to make finishes to suit 
the specific requirements that you 
need for your products. Remember, 
most of your customers start buving 
with the finish in mind! 


The better the finish -the better the buy! 


© 1950, Narionar Par, Vanwisn ano Lacover Association, Inc., WasHincron, D. C 


Problem: To find ways to decrease 
the unit cost of bicycles. 

Solution: Industrial Finish Engi- 
neers developed a special finish 
that permits shorter baking time, 
cutting down production costs. 
This high-gloss finish has a perma- 
nently hard finish that is mar- 
resistant. 


Problem : How to cut cost of wiring 
electronic devices. 

Solution: Industrial Finish Engi- 
neers developed special metallic 
finish which is good conductor of 
electricity. This eliminates pains- 
taking method of laying wires— 
saves production time—cuts costs. 


Problem: To find an inexpensive 
way to give overshoes a gleaming 
surface. 


Solution: Industrial Finish Engi- 
neers developed a special elastic, 
durable finish. This finish is baked 
on in the same operation that cures 
the rubber. Saves time. Saves 
money. 
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this 
complex 

shape 

is heing 

made at 

low cost 

by... 


ee A MAGNESIUM go “TEKTRON” 


PPER SULPHIDE 


Cold Heading vont wacnr RECTIFIERS 


; y : The only rectifier with Magnesium Radiator 
This special steel stud, used in heavy Plates, ‘Lektron”’ is lighter in weight — handles 
duty power transmission equipment, ¥ to 60 Volts D.C. — 50 ~ —— Seepaste. 
: : , ey're more rugged mechanically, operate a 
ney te two different shapes with temperatures from—40° F to 284° F and are not 
our diameters. affected by normal atmospheric conditions. 
Complete engineering service available. 
Some of the steps involved in cold heading Write for literature. 
this part from a length of steel wire. ELECTRONIC RECTIFIERS, INC. 


= ee See aotent eed 2102 Spans Ave., Indianapolis 3, Indiana 














how to get 


safe power 


Production of this steel part by ordi- 
nary methods would involve the use where 


of high cost machines, plus other spa rks igs 


costly operations. Cold heading not 
only provides economy and speed of taboo 
production, but also produces a much 
stronger part. 





Possibly this special technique can PROBLEM: Specify motor for rewinding reel of 
help you with your fastener prob- hose on high-octane gasoline (ond oil) tank 
lems. Send your sample or blueprint —_ Must © ny en explosive atmos- 
to Scovill rst. ASK ror pheres ... must rup ruc power sources 

, “APPLICATION-IDEAS” SOLUTION: G4.ST (Model 4AM) Air Motors con- 
BOOKLET — nected to truck's high-pressure pneumatic brake 
ALSO system. Developing % H.P., motor is geored 

GAST CATALOG down through chain and sprocket. 


RESULT: Complete sofety with rotary-vane oir 
motor. No sperks — no danger! Variable-speed 
motor develops plenty of torque for smooth re- 
winding without jerks. 


Many similar — and totally different — engineer- 

ing problems hove been solved successfully with 

GAST Rotary Air Motors. As original equipment, 
AIR they offer explosion-proof safety — variable 


V(t) | FASTENERS AND MAY BE speed from 100 to 6,000 R.P.M. — reversibility 
‘ 484 


Recessed Head Screws © Sems + Tapping Sorews 
Standard Machine Screws + Special Cold Headed Parts 


4+ — compactness — and other unique advantages. 
SPECIAL alae: YOUR ANSWER! if ‘Gon tone ‘could ens aes ioe, 


write GAST a brief description of your problem 
(NDUSTRIAL FASTENER SALES, WATERVILLE DIVISION 
SCOVILL MANUFACTURING CO., WATERVILLE 14. CONN DoE SS is cen 
New York « Detroit + Wheaton. Ili, « Los Angeles + Cleveland + San Francisco ee 





318 Propucr Encrveerinc — May, 1950 





Businesrmans! 


WHAT WILL THE 1950 CENSUS 
DO FOR YOUR BUSINESS =? 


CONSUMER MARKET INFORMATION 
The 1950 Census will provide a huge amount of informa- 
tion about the characteristics of the consumer market. It 
will tell you what kind of income groups live where . . . 
what they have and what they need in the way of com- 
modities from automobiles to television sets down to 
plumbing fixtures. The Census is an accurate survey of 
economic conditions in your market area. It will not only 
tell you where your customers are, but what they need 
that you have to sell them! 
It will show where improved transportation and shipping 
facilities are needed . . . better harbors and waterways 
. stepped-up Public Service. 
That is why the 1950 United States Census is vital to your 
business! 


COOPERATION 

You know that the Census-Taker is not just “counting 
heads.” He's actually making a survey of existing condi- 
tions in industry, business, employment, housing, educa- 
tion. You know census information is as confidential as 
the vote you cast! Because you know all these things 
you'll cooperate with the Census-Taker in every way when 
he calls on you. 


WHAT ABOUT THE OTHER FELLOW? 

But! What about the people who work for you? The man 
in the shop . . . your own secretary . . . the fellows in the 
shipping room. Do they know all this about the Census? 
Chances are some of them do, so the idea is to get the 
right information across to those who don't! 


WHAT'S THE BEST WAY? 
If it’s possible, call everyone together and talk about it 
. + + ask questions . . . exchange ideas. If your outfit is 


too big for that, direct a Census information memorandum 
to all your employees. Post information on the bulletin 
boards. Run a Census story in the company house organ. 
Talk about it. Every way you can. . . get the people who 
work for you to cooperate with the Census. 


WHAT DOES THE 1950 CENSUS MEAN TO 
YOUR EMPLOYEES? 


Better schools . . . school buses . . . school lunches. 
means finer roads, bridges and highways . . . i 
transportation facilities . . . improved safety regulati 
It creates more efficient Public Service and furthers a 
quate distribution of utility services such as telepho 
gas, water and electric power. It wi'l help your comm 
nity plan better park., playgrounds, recreation areas a 
housing. It will mean higher living standards and accra 
congressional representation. The Census is every 


voice in America’s future! 


YOU OWE IT TO YOURSELF... 


Mister Businessman . . . to your business and your 
munity! Put your efforts behind the 1950 United Sta 
Census for an even better country to live in . . . the 
country to do business in! 


Published in the public interest by: 


McGRAW-HILL PUBLICATIONS 
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An Arwood 
casting saves 00% 


Here is a typical example of what ARWOOD 
precision castings can do. Such results are 
made possible only by ARWOOD’S years of 
experience that spells “know-how.” 

2 stamped and 3 machined 


--formerly had to be brazed together to 


Five parts 


make the bronze key guide housing shown at 
left above. The Lathem Time Recorder Co. 
reports their costs were reduced 50° when a 
single ARWOOD Precision Casting replaced 
the five-part assembly. 

The key shown at right is also an ARWOOD 
Precision Casting which fits the keyway with- 
out any adjustment. 

ARWOOD Precision Investment Casting 
is now a tested and important method for 
producing small intricate parts. It has been 
the answer to many design and production 
problems and can be the answer to yours. 
Write for our booklet, “A Critical Survey of 
Investment Castings.” or ask to have our 
nearest representative show you samples. 


ARWOOD 


PRECISION CASTING CORP. 
68 WASHINGTON STREET + BROOKLYN 1, W. Y. 





Modet VE-4, V-type 2 
4-cylinder stondard engine MEA 


21.5 hp. at 2400 rpm. ” diChiled 


Gn power jobe thet call for cugged serviesubility end svstcined 
cperation in the 15 to 30 hp. range, 
rate first preference on the basis of such features es: 
Trouble-free Air-Cooling at all temperatures from sub-zero te 
pical highs; ta d roller bearings at BOTH ends of the ex- 
tended crankshaft to take up all thrust and radial loads (also 
pena: self-cleaning); rotary type, high tension OUTSIDE Mag- 
quipped with ise Coupling for quick starting in any 
Sbadiay cold wane thdan wh thes lar eee ald Geet be cook 
connecting rod (other ports lvbricoted by oil spray) assuring 
and th gh lubrication at all times. 
V-type design pennits © chester cantaha® end less height than 
with a ‘‘straight-in-line"’ engine, ing a more pact power unit. 
4-cycle single cylinder models, 3 to 9 hp., and 2-cylinder models, 
7 to 13 hp., else available. Detailed data on request. 

















WISCONSIN MOTOR CORPORATION 





PUMPS IN COMPLIANCE 
WITH J. 1. C STANDARDS 


FOR EVERY 
INDUSTRIAL COOLANT AND 
LUBRICANT APPLICATION 


PIONEER PUMP & MANUFACTURING CO. 
19664 John R Street . Detroit 3, Michigen 














CUSTOM BUILT MACHINERY 
FOR OVER 75 YEARS 


Dixie-Co 


- Machine 
(A subsidiary 


of the Dixie Cup Co.) 





DREY 
corporation 


@ DESIGNERS 

Write: AND BUILDERS OF 
DIXIE-COWDREY SPECIAL PURPOSE 
Fitchburg, Mass. MACHINERY 


Telephone: Fitchburg 5200 
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Have you a similar use for 
this 1-piece fastener? 


it's a Blind Rivet 


... Or a removable fastener. It locks and 
unlocks with a 90° clockwise rotation. No 
mating parts such as nuts or receptacles are 
required. 


it's a Shelf Support 


. . . For ranges or refrigerators. Leading 
appliance makers have achieved substantial 
installation savings through its use. 


it's a Cabinet Door Strike 
..- Simple to install, eliminates welding an 
cuts assembly cost. Any head can be d 
signed without affecting fastening principle, 





What's Your Application ? 
... Tell us how you can use Spring-Lock F 


teners in your products. We'll be glad to wo 
out the details with you. 


Millions of these ingenious Spring-Lock Fasteners are used in clectrical 
automotive, railroad, aviation and household appliance industries. Desi 
engineers marvel at their utility and flexibility. 


Write today for literature and free samples. 


SIMMONS FASTENERS 


Simmons Fastener Corp., 1751 N. Broadway, Albany 1, N. Y. 
SPRING-LOCK +¢ QUICK-LOCK + ROTO-LOCK 
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for machines that make steel 
delivered through 
BLOOD BROTHERS Universal Joints 


The BLOOD BROTHERS Universal Joints for this 
2-stand Tandem Skin Pass Mill, and for other steel- 
making products of UNITED ENGINEERING AND 
FOUNDRY COMPANY, have the characteristics de- 
manded for such machinery: tremendous strength and 
capacity for excessive shock load or starting load. 
Each joint and shaft assembly meets the most rigid 
inspection standards. 

For big machines or small, industrial installations or 
commercial vehicles, wherever power mus< be flexibly 
transmitted, BLOOD BROTHERS supply job-speci- 
fied universal joints that “stand the gaff” through 
countless hours of rugged duty. Before you specify, 
check with BLOOD BROTHERS for universals that 
deliver a bonus value. 


BLOOD BROTHERS machine co. 


ALLEGAN, MICHIGAN .. . Chicago Office: 122 S. Michigan 
Division of Standard Steel Spring Company 








ntricate 


‘Design 





PRECISION DIE MADE — LOWEST POSSIBLE COST 
Precision molding of intricate design in pro- DAYTON ROGERS MFG. CO. 
duction-run quantities is but one of the ad- Minneapolis 7, Minnesota 
vantages of Universal Porcelain Insulators. 
Additional advantages include a high dielec- 
tric factor, strength to withstand physical and 
thermal shock, resistance to heat, cold, 
moisture, fumes and most acids; sturdiness to 
stand up and deliver years of efficient service 
under all kinds of conditions. 

















If you require these advantages in the insula- 
tors you use, a Universal engineer will be glad 
to consult with you. No obligation, of course. 


me UNIVERSAL (U) CLAY PRODUCTS CO. w le a Oe 7 | 


1545 EAST FIRST STREET SANDUSKY, OHIO 
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All over the United States . . . in Siamese chalk quarries, South 
African diamond mines, Turkish oil fields, Chilean nitrate mines, 
Alaskan gold fields—Russia, Egypt, China and so on criss-crossing 
the globe many times over, Philadelphia Gears have won their 
place as “quality gears” in the World's workshops. 


For over 58 years, Philadelphia Gears have been produced in all Phhiladelpna 
sizes, types and materials . . . and, today our plant, machinery, 


facilities, men, methods and management are better able than ever Seed for. ow latest 68 page 
: . “Gear Book,” please 

before to serve you satisfactorily and promptly. use your Business Letter- 
bead when writing for it. 





ERIE AVE. AND G ST., PHILADELPHIA 34, PA. 
NEW YORK + PITTSBURGH + CHICAGO + HOUSTON 
1M CANADA: WILLIAM AND 3}. G. GREEY LIMITED, TORONTO 
industrial Gears and Speed Reducers 
LimiTorque Valve Controls . 





Since 1937 Curtis has made 1862 static torque 

tests plus many tension and compression tests 

of universal joints — in their own and in out- 

side laboratories — using both Curtis and 
competitive joints. Load ratings for all 14 stock sizes 
of Curtis joints are conservatively based on actual 
laboratory tests over many years duration. You can 
depend on them, 


Materials and heat treatment of each of the five 
load carrying members are balanced for strength and 
resistance to wear. Principal wear comes on those 
parts which are most easily replaced, namely, the pins. 


Curtis patented the first ball-oiler used in universal 
joints. Curtis pioneered oil grooves in their center 
blocks and the Curtis “Tell-Tale” lock ring gives 
visible proof of complete and correct assembly. 

Buy direct from Curtis — sole makers of Curtis 
Universal Joints. Standard joints in 14 sizes are 
always in stock for immediate delivery. 

Look for our registered U trademark on every 
joint you buy. 


CURTIS UNIVERSAL 


JOINT CO. INC. 


VALVE 


Diefendorf is 
equipped to meet 
the gear needs of 
aggressive, progres- 
sive American In- 
dustry. Every or- 
der — large and 
small receives 
complete attention. 


Gears of all types 


and all sizes — all 
materials. Specifi- 
cation orders only. 


920 Belden Avenue 
Syracuse 1, New York 


LOW CONTROL VALVE 
or Cylinder Speed 
ADJUSTMENTS 
over © 
WIDE 
RANGE 


IN AIR OR 
HYDRAULIC USE 





The Pneu-Trot Flow Valve combines an 
eMicient Stainless Steet Floating BALL CeaCk 
which opens 
flow direct 


4 jon, 
ot OmiFiGe” ag 
satel air my ws cylinder 
one se contro! 
Stace Preu-Trot Vv. Ne 
avail n Oheck, woheck with 
(ort ‘rites ‘w y customer in the Standar¢ Check 
Valve), Needle Valve and Videctty oe “ro 
iMustrated at left. All Valves 
ane from bar stock in bast ‘Cop “eo ,. 
other y metals to ic i 
Seations. AR internal atl are ears wall valves 
available in 5 sizes—,” » Se, and %". 


Attractive _ immeaia ate w f 
iMustrated cireular and price st = sabia 





PLATING Ba, OMECR — 


Lc0- tame UNOER ANGULAR COMPRESSION) 


Pneu-Trol Devices, Inc. 
3122 N. California Ave. Chicago 18, Ill. 


Propuct ENGINEERING — May, 1950 


a eee 


+ amen $PartC eae a En 


Sie Ne 6 ot 


Quantity at 
“ERODUCTION 
. of 

GREY Le) CASTING : 


ONE oF UE ARTONS - 
LARGEST AND MOST MODERN 
PRODUCTION FOUNDRIES 


ESTABLISHED 1866 


THE WHELAND COMPANY 


FOUNDRY DIVISION 


NWNiNbie) dale eV ioe YW itig endl) tin lene ae be: 
CHATTANOOGA 2, TENNESSEE } 





HILLIARD Ceacches 


FOR POWER CONTROL DESIGNS 





HILLIARD 


4 No. 33—Product of 
for accurate , j Hopan Electric, Inc. 
. : la $4? Greeawich st. 

— of aera mesa : New York 13, 6. Y. 
— and packaging. 

Gives closer tolerances to 
cut-off, stamping, shearing, and similar machines. Completely 
automatic; manual, mechanical, or electrical control. 


Chace Thermostatic Bimetal 
actuctes this new attachment plug, protecting electrical 
equipment in two ways: 


(1) INDIVIDUAL APPLIANCE PROTECTION—Against 
damaging continued overloads too light for pre- 
vention by higher-rated circuit protection, yet 

Hilliard Over-Running sufficient to cause damage. 
Clutches and Couplings are 

vega te ion (2) TIME-DELAY OVERLOAD PROTECTION—Operat- 
They are vunexcelled for ing characteristics permit sudden surges and short 
automatic two-speed drives, overloads without interruption. 


dual drives, stand-by drives, | The Ho 
Ps . bre pax Plug does not replace regular fuses or panel 
Sdureshede, uaa ones on stops. Ex- circuit breakers. It does give protection, particularly for 
’ xs small motors, against overloading, stalling or rotor 


locking ... often saves rewinding and other costly repairs. 
3. Reset lever— rarsing & lowenng resets 


HILLIARD 


A reliable series of spring- 
loaded slip clutches and 
couplings. Rugged construc- 
tion with ample friction sur- 
face for heavy-duty use. 
Outstanding for preventing 
atom Ae 
starting 3 as tension brakes; for reeling and 
winding operations; and many oe. a It's the rapid response of 
the Chace Bimetal element 


Hilliard’s Engineering Depart- that puts Hopax “a jump ahead of your fuse"; many 
ment is ready to assist you in manufacturers use the Hopax Plug to put their appliances 
designing installations and in | and power tools a jump ahead of competition! 

pared the correct clutch or j Your product, too, should be actuated by Chace Thermo- 
Write today — 3 Hilliard Clutch static Bimetal if it controls, responds to, or indicates 
Bulletins with design informa- | temperature changes. Let our application engineers show 
tion. Free on request. you how an actuating element of Chace Thermostatic 


Clutch Mokers for over 40 years Ghnetel can put you “A jump ahead”! We invite your 





HILLIARD Coma, . W.M. CHACE CO. 
The imodstalic B imelal 


101 W. Fourth St., Elmira, N. Y. 1607 BEARD AVE., DETROIT 9, MICH 


OFFICES I> PRINCIPAL CITIES 
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Quick answers 
... to your most troublesome questions 
on mechanical engineering 
and applications 





ERE are over 2,250 pages of data instantly needed by engi- 

neers, machinists, designers, draftsmen, plant and shop em- 

ployees in every branch of mechanical engineering. Arranged in 
handy reference form are answers to thousands of questions of 
every type—covering theory, standards and practice—compiled by 


MARKS’ 
MECHANICAL ENGINEERS 
HANDBOOK 


Edited by LIONEL S. MARKS 
Gordon McKay, Professor of Mechanical Engineering 
Emeritus, Harvard University 


OU can use a book like this with 

profit: to check up on your methods 
—to get quick answers to current prob- 
lems—to save time and effort, to sim- 
plify your work—-to keep your work in 
line with highest professional standards. 
It presents both fundamental theory and the data of experiment 
and research throughout a wide range of subjects. Whether it is a 
question of a mathematical table or the compressive strength of an 
alloy—a switchboard wiring diagram or the thermal conductivities 
of liquids and gases—or any of others, common and uncommon— 
Marks quickly gives the facts you require. Every branch of mechani- 
cal engineering is covered, from aeronautics to mechanical refrigera- 
tion, from power generation to welding—with a profusion of concise 
descriptions, fundamentals, formulas, methods, tables, diagrams, etc. 





90 contributions, 2276 
pages 414x7, over 1700 
illustrations, 800 tables, 
thumb-indexed, $10.00 











Just a few of the topics on which Marks gives you dependable information 


® flow of pressible and mpr @ internal combustion engines 
sible fuids . pe 


* theory of models 

®@ behavior of /mperfect gases 

© mixtures of gases and vapors 

@ heat transmission 

© design of furnaces 

® plastic def ti stress 
A creep, rel 4 ete. 

® Diesel engine fuels 


© Gow of Clie Gacagh celine ond ome- 
on 














@ wind pressure on structures 
© ball and roller bearings { 





FOURTH EDITION 
@ Expert treatment of every subject covered 
@ Hundreds of pages of valuable material 
@ A practical teol for today's engineers 





AND- 
BOO vr 10 days examination on approval. In rr) days 
I will vemnit $10.00, plus few cents for delivery, or return 
boo 


coupon; same return privilege.) 


Position 
Books sent on approval in U. 8. and Canada only. 


Check these 16 big sections 

1. Mathematical Tables and 
Weights and Measures 

2. Mathematics 

. Mechanics of Solids and 
Liquids 

. Heat 

. Strength of Materials 

. Materials of Engineering 

. Fuels and Furnaces 
Machine Elements 

. Power Generation 

. Hoisting and Conveying 

. Transportation 

- Building Constructions and 
Equipment 

3. Machine-shop Practice 

. Pumps and Compressors 

. Electrical Engineering 

. Engineering Measurements, 
Mechanical Refrigeration, Etc. 








SEE IT 10 DAYS FREE! ; 


McGraw-Hill Book Co., Inc., 330 W. éfnd &t., 
New York 16 
Send 4 Marks’ MECHA 


NICAL ENGINEERS’ 


pay for delivery if you remit with this 


FPE-5-60 
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IDILAWND 
WELDING 


Ge Nurs 


for SPEED and ECONOMY in 


Assembly of Any Combina- 
tion of Metal Stampings... 


FOR THOSE 
BLIND 
SPOTS... 


Particularly useful 
in positions diffi- 
cult to reach in as- 
sembly as shown 
in this illustration. 





SELF LOCATING 
QUICKLY POSITIONED 
The Midland Welding Nut can be readily 
assembled to parts, either as a subassembly 
or on line assembly. Where parts can be 
handled fast enough a feeding mechanism can 
be attached to the welding machine for maxi- 
mum speed in assembly. 


Investigate! You may be able to use Midland 
Welding Nuts profitable. Write, wire or phone 
us today. 


MY OD DY EPA WND BL 











Complete, comprehensive guide 
to piping design and application 


—The data and methods 
you need for solving 
every piping problem 


for the engineer, contractor, 
and designer, the famous 


| PIPING HANDBOOK. This vast 
| compilation of data and methods for 


most effective use of piping puts at 
your fingertips all the principles 
that influence the design, construc- 
tion and use of piping systems. Amy 


| fact, on any phase of piping practice, 


is here in clear, dependable, acces- 


PIPING 
HANDBOOK 


Fourth Edition 
By SABIN CROCKER 


Senior Engineer, Engineering Division, 
The Detroit Edison Company 


1376 pages, 42 x 77/2, 334 illustrations, 
329 tables, $7.50 


| Solve your piping problems with the help of this practical handbook 


packed with piping fundamentals, materials and techniques . and 
authoritative information you need on codes, dimensional standards, 
materials specifications, construction details, cost estimating, etc. It 
shows you the best types of apparatus for each job brings you 
scores of methods for using equipment for best results, helpful analyses 


| of the details of each job, easy-to-follow explanations of every phase 
| of piping from start to finish. 


Covers these piping fields 


* Steam Power-piant Piping * Fire-protection Piping 

* Building heating * Oil and Refinery Piping 

* Plumbing * Gas f and Distributi 
* Underground Steam Piping . 

* Water-supply Piping . 





Refrigeration 
Hydraulic Power Transmission 


SEE IT 10 DAYS FREE 


Look over this handbook at your leisure; note its wealth of helpful 
diagrams. curves, flow sheets, tables and photographs . ite practical 
and accurate solutions of everyday probleme. Return of the coupon 
below brings you a copy for FREE EXAMINATION. Send for it today. 


McGRAW-HILL 
- ON-APPROVAL COUPON 


McGRAW-HILL BOOK CO., 330 W. 42 Street, New York, 18 

Send me Crocker’s PIPING HANDBOOK for 10 days’ examina- 
tion on approval. In 10 days I will send $7.50 plus few cents for 
delivery. or return book. We pay for delivery if you remit with 
this coupon; same return privilege. 
Name 
Address 
City 
Company 


Position FPE-5-50 


Books sent on approval in U. 8S. and Canada only 
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These Features 


Save You 
Money 


Two-piece QD 
sheave —rim and 
hub seporote 


For These Reasons 


Mount light hub first, then slide heavier 
rim on tapered hub 


It’s a 
Worthington — 





Choice of one or 
two-piece 


assembly 


Mount hub and rim separately, or 
loosely assemble hub on rim and slide 
on shaft together 


EXCLUSIVE 





Split hub 


Easy to mount, even on oversized shaft 





Clamp screw 
in hub 


Holds hub in position on shaft while 
setting or removing rim 


EXCLUSIVE 





Taper-mated 
hub and rim 


Mount easily in any position—no key- 
way between toper surfaces 





Large, long puil- 
up bolts 


Hold better and more uniformly 


EXCLUSIVE 





Friction cone grip 


Tightening rim on hub gives positive 
press fit on shaft 





Shaft key lock 
(set screw over 
keywoy) 


Prevents key from drifting 


EXCLUSIVE 





Quickly-detach- 
able (QD) 


Pull-up bolts used as jack screws to 
remove sheave rim 


ORIGINAL 





Interchangeable 
rims 


Hubs for every bore —lower inventory 
cost 





No realignment 
problem 


Clamped hub holds shaft position — 
new rim tightens up in exact alignment 


EXCLUSIVE 





Choice of “A”, 
“B", “C” ond 
“D" grooves 


“Tollor-mode" grooves give proper 
belt “ride-out” for maximum life ef- 
ficiency 


ORIGINAL 





I-beam spokes 
on driven sheave 


Stronger —capable of carrying heov- 
ier load with less weight 


EXCLUSIVE 





Offset design 
of sheave 


Reduces over-hang loads— increases 
bearing life 








Worthington- 
Goodyeor 
V-belts 





load-carrying cords in neutral axis 
reduce internal friction—eoch belt 
corries its shore of drive load 


WORTHINGTON 
Si. SRS 


ORIGINATORS OF TE QD SHEAVE 
WORTHINGTON PUMP AND MACHINERY CORPORATION 
a ee SALES DIVISION 


Buffalo, N.Y. - 


Offices, Harrison, New Jersey 
couun sastenpnteses daeaean Wanios eatin eomamaioas 


PUMPS: centrifugal, power, retery, steam 
-cooled, 


AIR COMPRESSORS: water 


air-cooled 
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How Does 
Your Drive 
Rate on the 


V-drive Scoreboard? 


Here are 15 money-saving features 
of the most efficient V-belt drive. 
Only Worthington Multi-V-Drives 
give you all 15! 


ALWAYS TIGHT 
ON THE SHAFT: 





— ORIGINAL TAPERED CONE-GRIP SHEA 


Complete Range of Stock Sizes — Prom 
Shipment. 853 listed stock sizes in “A”, “B" 
“C” and “D” sections, fhp to 600 hp ... 33 
listed stock sizes of EC Cord V-belts. S 
coupon for latest Worthington QD Sheov 
bulletin 


Worthington Pump and Machinery Corporation I 
Multi-V-Drive Sales Division, Dept. PO-1 ! 
Buffalo, N. Y. j 


Send latest bulletin of Worthington Multi-V- | 


Se as © 
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50% SAVINGS 
with 


LINEAR “OZ 























with only a slight 
change in design! 


Hy-Score Arms Corporation 

turned to LINEAR for a non- 

metallic seal capable of repeat- 
edly withstanding pressures great enough to 
cause combustion of oil in a small air chamber. 
A saving of 50% was effected in the cost of the 
seal alone by changing to a LINEAR “O” Ring.* 
But, that’s not the whole story! The LINEAR 
“O” Ring permits greater assembly tolerance in 
the manufacture of the piston parts resulting in 
further, substantial savings. Through such cost 
reductions, Hy-Score stays on the target for profit- 
able production in more ways than one. 

Thousands of products throughout industry are 
effectively and efficiently using economical, ver- 
satile, precision moulded Lingar “O” Rings... 
for a host of sealing applications over a wide range 
of pressures and temperatures. 

Compounded of natural or synthetic rubber for 
nearly every condition, LINEAR “‘O”’ Rings are also 
available in Kel-F, Silicone and other synthetics 
to resist the action of vigorous oxidizing materials 
at normal or extreme temperatures. 

For individualized attention to your packing 
problem, design or application, Call Linzar! 


*The use of “O” Rings in certain packing structures is covered by Christensen Pat. No 
2,180,795 under which we have paid the royalty for the installation of our rings in these 
Structures so that the royalty is included in the purchase price of the “O” Ring. 


RFECTLY ENGINEERE PACKIN 


L INEALO 


TATE ROAD & LEV 


WIRE BELTS 
Combine Movement with Processing 
Through Fire or Water 


Cambridge Wire Belts shrug off extremes of temperatures, 
corrosive agents, torsion, strain and wear. They hustle rough, 
bulky objects through the most rigorous treating processes, or 
convey delicate products with maximum safety. 


Tempering, quenching, washing, baking, sizing, sorting, packag- 
ing, glazing; throughout industry, Cambridge Wire Eeclts are 
working at nearly every bulk material processing job. Each of 
these Cambridge Belts is fabricated in the proper mesh, weave, 
metal or alloy to do the job better, faster, safer and more 
economically. » » Let e Cambridge Field Engineer help you secure 
these advantages for your operation. 


A Cambridge ‘‘Gratex"’ Wire Belt conveying baby food jars to a W. F. & 
John Barnes Junior Hydro-Magnetic Crate Loader and Unlooder. This 
closely-woven, smooth-os-gloss Cambridge Belt permits the small-bottomed 
jors to be shuffied about without tripping or tipping. ‘ " is also on 
ye ae ee meer eremge™ Lonny 
os in baking crackers. 

Write for FREE copy of the 130-page, 

Wustrated Cambridge Wire Belt Catalog. 

It's an education in belt and conveyor design, 

application, in-tallation and operation. 


Cambridge Wire Cloth Co. 


Department P 
Cambridge 5, Md. 





GRRICES TN PRINCIPAL INDUSTRIAL Cities 
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WHEN You 7KEA/ with 


' BONDERITE 


BEFORE FORMING 


From forming dies to. final finish can be time consuming and 
costly if there are deep scratches and galled spots to polish and 
buff out. Bonderite can help you save that time and money by 
preserving the original smooth surface as the sheet is bent and 
stretched and shaped. 





Bonderite, in forming and drawing, has several beneficial action: 
The crystals hold lubricants tenaciously under pressure p 
venting metal to metal contact. Being nonmetallic, they act 
an anti-flux, thus reducing galling and welding. Deeper dra 
and faster drawing speeds are possible. Die and tool life i 
cut METAL POLISHING |  tcngchened. 


NG Because of the freedom from scratches in normal productio 
puci when Bonderite is used before forming, automatic machines ma’ 
HES frequently be used advantageously, with resulting inc 
BLEMIS production and substantially lower costs. 
DRAWING 


costs BY RE 


Investigate the cost-cutting possibilities of Bonderite before 
forming on your high-finish plated or painted products. A letter 
will put our experience at your service. 


Bonderite, Parco, Pearce Lubrite—Reg. U.S. Pa. OF. 
iL ey 
en 
PARKER RUST PROOF COMPANY 
2179 East Milwaukee Ave. 


BONDERITE— Corrosion Resistant Paint Base - PARCO COMPOUND — Rust Resistant - PARCO LUBRITE—Wear Resistant for Friction Surfaces 
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SYNCHRON MOTORS 
Never Need Oiling— 
Operate Efficiently 
In Any Position— 


Motor is equipped with oil storage reservoir and pat- 
ented oil feed to bearings. Rotor shaft, reduction 
train, and output shaft, all have dovble bearings to 
reduce vibration and assure quiet, efficient operation 
when mounted in any position. 


SYNCHRON MOTORS 
Are Thoroughly Tested 


More than three million of these miniature timing 
motors are now in use . . . many of them for many 
years. Each motor is tested carefully to rigid opera- 
tion standards before it leaves our factory. We make 
no compromise for quality! 


Get the Facts about 
SYNCHRON MOTORS 


Send for complete engineering data on SYNCHRON 
synchronous, self-starting motors and time machines. 
Fill in, tear out, and mail this coupon: 


| meering and formerly 7 echnical Adviser fo 
" or ted 


Practical 


Data 
on 


7500 
MATERIALS 


at your fingertips 


| Save costly, time-consuming research by using this handbook for 


preliminary survey of materials. This authentic book is a storehouse 
of facts on kinds, properties, uses and sources of 7500 natural and 
synthetic materials. Indexed for quick reference, it's an indispensable 
tume-saver for purchasing agents, product engineers, factory executives 
—anybody planning or purchasing manufacturing materials. 


6th Edition 


MATERIALS 
HANDBOOK 


An Encyclopedia for Purchasing Agents, Engineers, 
Executives and Foremen 


By GEORGE S. BRADY 





Formerly Managing Editor, Product Engi- 


Find the material you need 
when you need it in such 
groups as: 


Abrasives 


United States C 


Purchasing 
782 Pages, 6 x 9, $7.00 








HANSEN MFG. CO., INC. 


Princeton 5, Indiana 


Please send data checked below: 
Catalog on SYNCHRON MOTORS, Time Machines, and 
Clock Movements. 


We attach outline of a special timing problem. Let us 
have your suggestions without obligation. 

Name 

Position 

Company 

Address 








This one-volume reference book includes 
nearly a items which have re- 
cently been added to the materials marker. 
A complete section is devoted to back- 
ground information on materials’ funda- 
mentals, economics, and useful tables. 
This section enlarges the scope of the book 
to bring you technical facts on why to use 
certain materials as well as what materials 
to use. With this vast store of information 
available, your selection of the ma- 
terial for the pw becomes a quick, 
positive process. It enables you to make 
rapid comparison ¢ [a of avail- 
able items and avoid ing remote pos- 
sibilities. 


10-DAY FREE EXAMINATION 
Just send Coupon 


Bearing Metals 
Brasses and Bronzes 
Building Materials 
Corrosion -resistant Alloys 
Cupro-nickel Alloys 

. Leathers, Organic 

Materials 

Fibers 
Heat-resistant Alloys 
Heat-treated Materials 
Chemicals 
Iron and Steel 
Light Metals 
Molding Materials 
Refractories 
White Metals and others 











proval 
the book. 





McGRAW-HILL BOOK CO., INC., 330 W. 42 ST., NYC i8 


Send me Brady's MATERIALS HANDBOOK for 10 days’ examination on ap- 
. Im 10 dags I will send $7.00 plus few cents for delivery 
We pay for delivery if you remit with this coupon; same return 


je, or return 
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Youll get a Better Job 
with STAINLESS STEEL FASTENER 


Speaking of Fasteners 
©)» WERE’S A 


> LITTLE GIFT 
FOR YOU 


While they last, we'll 
be glad to send you a 
folder of stainless 
steel Safety Pins on 
request. Is there a 
member of the Diaper 
Set in your house? Or 
are you the outdoors 
type . . . hunt, fish, 
golf? Honest, these 
pins are handy in a 
lot of ways! 


ADDRESS DEPT. PE-5 


ptr the poor fasteners! All they 

do is hold just about everything 
together ... and isn’t that an important 
enough job to warrant using the best 
—the kind made of stainless steel? 

After all, nothing is any better than 

the bolts end nuts, rivets, nails, screws 
or pins which assemble it. That's why 
fasteners made of Allegheny Metal 
pay. They're a sure sign of quality and 
value at little, if any, extra cost . 
won't wear out, can’t wear off, resist 
rust and heat, stay bright and strong 
agelessly. You can use them on wood, 
plastics or other metals—and if it’s 
important, there's a high re-use factor. 

Allegheny Metal fasteners are avail- 
able in complete variety, made by the 
leading manufacturers in this field. 
Check up on what they'll do for you, 
won't you? 
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LLEGHEN 
UDLUM 


STEEL CORPORATIO 
Pittsburgh, Pa. 


(Nalini Landing. Fiadacn 
of —itidleld Stell 
iv A Soin 


ALLEGHENY METAL is stocked by all 


joseph 1. Ryerson & Son. inc. worehouses 


























with TRACING CLOTH... 


— the small extra first cost of Ark- 
wright Tracing Cloth, over that of 
tracing paper, repays many times 
over in the efficiency and durability 
of valuable drawings. 


Arkwright Tracing Cloth has a universal reputation 
for staying clear, clean and pliable through years 
of service . . . no ghost-producing spots . . . no tear- 
causing brittleness. Special mechanical processing all 
the way through gives it this combined clarity and 
toughness—out-performing perishable tracing paper 
many times over. 


For every sketch or drawing worth keeping — on the 
job or in the file ——- protect your investment with 
Arkwright! Generous working samples free upon 
request. Sold by leading drawing material dealers. 
Arkwright Finishing Company, Providence, R. I. 


The Big Six Reasons Why 
Arkwright Tracing Cloths Excel 
. Erasures re-ink without feathering. 
. Prints ore always sharp and clean. 
Tracings never discolor or go brittle. 
. No surface oils, soaps or waxes to dry out. 
. No pinholes or thick threads. 
Mechanical processing creates permanent 
transparency. 


New, improved 


SNAP-INS 


AGAIN LEAD THE WAY TO COST-SAVING AND 
BETTER PERFORMANCE IN YOUR PRODUCTS 


“Diamond H” Snap-Ins ... toggle switches, convenience 
outlets, pilot lights and inter-connecting load plugs . . 

have always been tops for performance and for cost-saving 
on users’ assembly lines. Just snap them into their holes, 


spring clips hold them tight. Wire them up before or after. 


NOW ...NEW IMPROVEMENTS MAKE 
THEM BETTER THAN EVER! 
All... have wider face areas with wider flanges. Greater over-lap 
eliminates need for exacting tolerances in porcelainizing or other 


finishing around 744” x 174" installation holes. 


2 
Switches ... operate on principle new and exclusive in this 
application. In ‘on’ position, contacts are held together under 
pressure of spring action to assure positive, unfailing action 
Ratings: 15 and 20 A.—125 V.; 10 A.—250 V., A.C. also H.P 
ratings. 


Pilots .. . with larger, faceted lenses, give greatest light output 
of any comparable pilots on the market. Rated 115 V. or 
230 V., A.C. 


Convenience Outlet and Inter-Cennecting Load Plug like all 
“Diamond H” products are ruggedly built for long service 
in black, white, brown or special color plastic for top appearance 
in your product 
Applications are legion . . . hot plates, ranges, rangettes, 
coffee makers, fan-type heaters, beauty parlor, air con- 
ditioning and ventilating equipment, ironing machines, 
and similar products, and in motor and heater circuits 


Write today for complete details on how “Diamond H”’ 


Snap-Ins will help you make a better product at lower cost 


THE HART MANUFACTURING COMPANY 
2606 Bartholomew Ave., Hartford, Conn. 
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-this new book about OIL SEAL 


Here is a book filled with engineering 
data about oil seals that you're sure to 
waat for your files. It gives the complete 
story of the Johns-Manville Clipper Seal 
...tells how this precision oil seal with 
the one-piece moulded body is providing 
better bearing protection at lower cost 
in many types of applications. 

Here you will find photographs and 
diagrams of typical Clipper Seal installa- 


M 


Johns-Manville 
CLIPPER SEALS 
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tions; information on the various lip 
Cesigns that provide 2 choice of bearing 
surfaces; the wide range of sizes that are 
available; the thick or thin flanges that 
increase design freedom and permit im- 
portant economies in compactness and 
machining tolerances. 

Here are Clipper Seals that overcome 
the problems of electrolysis and corro- 
sion; that can be used for dry sealing .. . 


MOD Mt, Rl ES: hs, A ED IB FG I, BR NR 
Johns-Manville 


or against acid fumes... seals desig 
for high temperatures and pressures . 
and for other special conditions. 

If you are a design or drafting en 
neer, don’t miss sending for your copy 
this new book on Clipper Seals and ch 
uses. It’s full of practical, new ideas t 
may save you, your company, and y 
customers time and money. Write to 
or fill in the coupon. 


PE-S 


Box 290, New York 16, N. Y. 


Name. 


Please send me the new Clipper Seal Book (PK-4G6A). 





Address. 


Company 


Position 














VE 
... Solves Fabricating Problems 
Involved In Radial Contouring 


When the design of your products calls for any type of 
radial contouring, it will pay you to consult PHOENIXSPUN 


specialists regarding your fabricating requirements. Our 


experience covers a wide range of industrial applications. 


Submit your drawings ond an for 
our prompt 


pHOENIX PRUDUCTS to. 


Uifpela 


4723 N. 27th “ieath 
Milwaukee |6, Wis 





WVIHAE4 At g 


“JOBS WELL DONE RE PHOENIXSPUN” 





GRC’s new 

automatic mass pro- 

duction facilities offer important 

economies and quick service on really small die cast- 
ings of sturdy zinc alloy. Quantities from 100,000 
parts to many millions. “Smallness” unlimited! 


WRITE FOR BULLETIN AND SAMPLES 


GRIES REPRODUCER CORP. 
98 Willow Avenue, New York 54, N. Y. 


Maximum Wt.: 14 oz. 
Maximum Lgth.: 2 in. 
MINIMUM: 
UNLIMITED 














For low-cost performance of 


INDUSTRIAL RUBBER 
PRODUCTS 


. use these tested 


design techniques 








| Here's a band 





Principles you must 
cape inte account when working with rubber in 
industry. Whet 





tr of 
| thes of rubber compounds a handy and 
guide. 


JUST PUBLISHED! 


ENGINEERING 
WITH RUBBER 


Edited by Walter E. Burton 
In collaboration with engi ch 


engi and 
of the B. F. Goodrich Company 
461 pages, 445 illustrations, $6.50 


4 reference book gives you the 
> application, 





saadiaeiee design principles of 
of molded, extruded and lathe-cut rub- 
ber, hose, ts, belting, and scores 
of other cunte enell’ by industry. 
It illustrates tm ys American-made 
rubbers, crude and reclaimed rubbers 
and ru -like materials .. . presents a 
complete picture of the physical and 
chemical the eypica of rubber com- 
pounds, ica! dimensions and 
structural details of industrial rubber 
products. 

It shows you how to reduce vibrations 
with rubber mountings—how to deter- 
pane when extruded rubber parts can 

A ge agg to use packing and sheet 
rubber, Its tremendcus store of 
useful ae is ~_ ! to help you 
find the right answers, the first time, 
to your roe, design and construc- 


tion prob 

Stage-by-stage procedures show you how: 
°°. a. ond use ‘cae ae 
tems 

® to work ond use hard 
rubder 





® latex ports con im- 
geove poodect dation 


* te engineer and in- 
stall V-belt drives 


*®to select rubber 
te withstand 
chem action 


®to specify 
) ES. 5 
for best service 


© lathe-cut rubber can 
reduce costs 


SEEITIODAYS’ FREE 


MeGraw-Hilt Book Co., Ine. 330 W. 42 St., NYC I8 
Send me Burton's ENG:NEERING WITH ue. 
approval. 0 
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are businessmen 
COLD- 
BLOODED? 


OF COURSE NOT! Literally, their normal body tem- 
perature is 98.6—same as laborers, engineers or any other group 
of people. And, figuratively, they’re no more, or no less, cold-blooded 
—as a group. 


We all know unreasonable generalizations can be dangerously 
false. Common sense and on-the-job experience show us the value 
of dealing specifically with ideas, problems—and people. 





Let’s not make the big—and costly —miistake, then, of generaliz- 


ing on religious or racial groups. Adopt and carry out these common 
sense principles: 


1. Accept—or reject—people on their individual worth. 


. Don’t listen to or spread rumors against a race or a 
religion. 


. Speak up, wherever we are, against prejudice. Work 
for understanding. 


Published in the public interest by: 


McGraw-Hill Publications 
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SEARCHLIGHT SECTION 
OPPORTUNITIES 


(Not eveiladle for + 


UNDISPLAYED -——RATES—— DISPLAYED 


Sedintdal 





gs minimum 4 lines To igure advance 
count 5 average words as 4 line 

Indiwidual Bwpl: Wanted rate is 
% the above rate, payable in advance. 

Bos Numbere—Care of publication New York, Chi- 
cago or San Francisco offes as one line. 

Discount of 10% if full payment is made in 
advance for 4 consecutive insertions 





The advert 
advertising 
basis. 


Speces with border rules for prominent 

display of advertisements. 

ising rete is $8.75 per inch for sill 
es = than « contract 

rates quoted on request. 

nm advertising inch te measured %” ae @ 

“ene coleman, 3 columne—306 inches—to a 


PE. 











PROFESSIONAL 
SERVICES 








Engineers - Executives - Technical Men 


an me $4,000 to gap.aee, This Con- 
Saontial service for men who desire a new connec- 
tien, will Lae A .-y conuuct preliminary negotia- 
tien to present position. Send name 
betas 


TOMSETT ASSOCIATES 
1206-2 Berger Bidg., Pittsburgh 19, Pa. 








_ SALES ENGINEER 
Experi d Ball Bearings. Mid-West 
territory. Submit complete resume. 


SW-6472, Product Engineering 
330 W. 42nd St., New York 18, N. ¥ 





WILLIAM L. BROWN, 3rd 


Product Engineering—Model 
Construction 
MINIATURE MECHANICAL OPERATING 
MODELS 
Metals or Plastics 
Complete Precision Tools and Instruments 


6636 North Tenth St Phiadelphia 26, Pa. 
Tel: WAverly 4-1188 








REPLIBS ( Bor No.) 
NEW YORK: 330 W 
CHICAGO: 520 N 4 
SAN FRANCISCO: 68 Post St. (4) 


Address to ee nearest you 





POSITIONS VACANT 


MACHINE DESIGNER, with ten to fifteen 


years’ experience in light anc heavy auto- 
matic machinery Must be able to carry 
project and design through from start to finish 
minimum gupervision. Some glass ma- 
experience desired, but not necessary. 
P-6207, Product Engineering 


WANTED EXPERIENCED capable machine 

designers for designing tube mill, flat rolled, 
processing and steel mill machinery. Dtrect 
experience on above not essential. Competent 
designers only need apply. Give complete in- 
formation regarding machine design experi- 


ence. Permanent for the right man. Addrense— | 


The Aetna Standard Engineering SOeeney 
2745 W. Federal St., Youngstown, Ohio. 


__ SELLING OPPORTUNITY OFFERED 


ENGINEERING SALES representatives wanted 

in principal cities to handle complete, qual- 
ity line of air and hydraulic cylinders rite 
in confidence stating lines now being handled, 
territory covered and references. Ledeen Mfg 
Co., 1600 8S. San Pedro St., Los Angeles 15, Calif. 


_ EMPLOYMENT T SERVICE 


SALARIED POSITION $3,500-$35,000. If you 

are considering a new connection communi- 
cate with the undersigned We offer the 
original personal employment service (40 years 
recognized standing and reputation.) The pro- 
cedure, of highest ethical standards, is indi- 
vidualized to your personal requirements and 
develops overtures without initiative on your 
part. Your identity covered and present posi- 
tion protected. Send only name and address 
for details. R. W. Bixby, Inc., 268 Dun Bidg., 
Buffalo 2, N. ¥ 


SALARIED PERSONNEL $3,000-$25,000. This 

confidential service, established 1927, is 
geared to needs of high grade men who seek a 
change of connection under conditions assur- 
ing. if employed, full protection to present 
position Send name and address only for 
details. Personal consultation invited Jira 
Thayer Jennings, Dept. H, 241 Orange St., 
New Haven, Conn. 


POSITION WANTED 


ENGINEERING DESIGNER, age 34, with nine 
years of responsible experience in welding 
and paper machinery, precision instrursents, 
jigs, fixtures, dies, including supervisory and 
ex perience Thorough shop back- 
Desires position with reputable con- 

PW -6465, Product amesemnindine 


"BUSINESS OPPORTUNITY 


Patented Machine 
washes venetian blinds Highly profitable. 
Visit one of 50 successful plants near you. Free 
Booklet. $6350 in 24 payments Cc. Equip- 
ment Co., 101 &. 44th St.. Phila. 4, Penna. 


338 








RENTAL INSTRUMENTS 


Rent Esterline-Angus Recording Meters 


For Measurements of 
POWER VOLTAGE CURRENT 


Instruments Shipped by Express 


InstruRental Co. 
411 Albee Bidg., Washington 5, D.C. 


THE CARLSON COMPANY 
Spring Design Specialists 
MECHANICAL PRODUCT DEVELOPMENT 
277 Broadway New York 7, N. ¥ 
Barclay 17-2552 








HERMAN LEWIS GORDON 
Registered Patent Attorney 
Patent Investigations and Opinions 

Warner Building 


Washington 4, D. C 
NAtional 2497 


100 Normandy Drive 
Silver Springs, Md 
SHepherd 2433 

















| An 
Investment , 


Productive advertising 
is an INVESTMENT 
rather than an EX- 
PENDITURE. 


“Searchlight” advertis- 
ers almost invariably re- 
port prompt and satis- 
factory results. 


BE CONVINCED — 
send us your advertise- 


ment TODAY. 


Address Classified 
Advertising Division 


PRODUCT 


ENGINEERING 
330 WEST 42nd STREET 
NEW YORK 18, NEW YORE 


GEORGE H. KENDALL 


Consulting Mechanical Engineer 
Cost Reduction Studies: Process or Product 
Redesign Existing ag for Greater Profit. 
puble Shooting Product Design, Cost Problems, 
rcialist Automatic Machinery, Processes, Controls, 
ne pgs, — Studies, Investigations, 

New jucts s Engineering Studies 
P. 0. Box 12 t Bet 19: 1923) Tel Darien 5-1504 
Noroton Heights Darien, Connecticut 








NEW YORK 
TESTING LABORATORIES, INC. 


CHEMICAL, MECHANICAL, BLBC TRICAL 
MBTALLURGICAL ENGINEERS 

ANALYTICAL CHEMISTS, PHYSICISTS, X-RAY 
. Tests of atl Materials and Products, Plant 

in Special Measurements 
. Sound, Vibration and other. Consultants in 

tien and Process Baginessing and Design. 
ashington St iew York City 6. N < 














The Consulting Engineer 


By reason of special training, 
wide experience and tested ability, 
coupled with professional integrity, 
brings to bis client detached en- 
gineering and economic advice that 
rises above local limitations and en- 
compasses the availability of all 
modern developments in the fields 


where be practices as an expert. 
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Index of 


PRODUCTS 
ADVERTISED 


In This Issue 
a 


MATERIALS 


Aluminum Alloys 69-70-71. 
72-73-74-75, 209 
Bimetal 44, 326 
Brass 8, 53, 173, 307 
Bronze 53, 173, 274-275, 
291, 303 
Carbide Alloys 284 
Carbon 304 
Carbon-Graphite 
Ceramics 293, 322 
Copper Alloys. ..6, 53, 173, 289, 307 
Felt 312 
Friction Materials 169 
Glass 221 
Gypsum 227 
Liquids, Heavy 60 
Magnesium Alloys 4l, 
69-70-71-72-73-74-75 
Nickel Alloys 2nd Cover, 40, 222 
Plastics 22, 32, 47, 196, 258-259 
Plastics, Laminated 
Powdered Metals 
Rubber & Synthetics. 6, 33, 194-195, 
196, 269, 302, 339 
Silicunes 19, 158 
Stainless Steel 42, 162, 191, 
207, 231, 333, 342 
Steel 21, 179, 227, 
238, 239, 273, 315 
Zinc 76 


STRUCTURAL PARTS 


Bushings bie ... 22 
Castings 69-70-71 -72-73-74-75, 
209, 211, 264, 288, 320, 325 

Die Castings... 9, 41, 130 
198, 209, 272, 300, 336 

Expanded Metal. ..... 227 
Forgings ..... .69-70-71-72-73-74-75, 
224, 322 


Metal Powder Parts 26-27, 55, 56, 
169, 210, 215, 234, 262, 

266, 
Plates 69-70-71 -72-73-74-75 
Rods 53, 274-275, 307 
Shapes ’ 189, 274-275 
Stampings See 
Tubing 10, 21, 53, 54, 
69-70-71-72-73-74-75, 181, 199, 
207, 213, 232, 274-275, 282-283 
.. 18, 46, 53, 200, 
219, 276, 292 


FINISHES 


Paints & Lacquers 227, 310, 317 

Plating Sa FT 

Rust Proofing ........... 331 
(Continued on page 340) 





RUBATEX 


seals the windows 
of the 
Stratocruiser 


4 AIRTIGHT UNDER PRESSURE DIFFERENTIAL 

<4@ DOESN'T SCORE OR CRAZE PLASTICS 

<4 UNAFFECTED BY TEMPERATURE CHANGE 

4@ ZERO MOISTURE ABSORPTION—WEATHERPROOF 


<@ RESISTS OXIDATION 


The windows of Boeing Stratocruisers 
are sealed with Rusatex Gaskets to 
prevent escape of air from pressuriz d 
cabins at high altitudes. The dense, 
sealed cell structure of RusaTex has 
excellent compressive strength, high 
resiliency and forms a leakproof joint 
without crazing or scoring the plastic 
windows. It compensates for irregular- 
ities in adjoining surfaces and has high 
insulating properties. 


Rupatex Closed-Cell Rubber cannot 
absorb moisture even at cut edges. It 


* is rot and vermin proof. Most gasket 


requirements can be cut from sheet 
stock, thus avoiding the expense of a 
molded skin. 


Consider Rusatrex for your gasketing, 
cushioning, shock-absorbing or vibra- 
tion damping applications. It is avail- 
able in nse Be oe synthetic stocks 
in soft, medium and firm forms. Our 
engineers can give you valuable assist- 
ance from their experiences with count- 
less other uses. For further information 
write for Catalog RBS-12-49. Great 
American Industries, Inc., Rusarex 
Division, Beprorp, Vircinia. 


Photo-micrograph shows how each cell is completely 
sealed by a wall of rubber. The material cannot ab- 
sorb moisture. It has high insulating values, is high! 

resistant to oxidation and is rot and vermin mo | 
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Solves heat control 
problem that defeated 


other thermostats 


Appliance-Type 
THERMOSWITCH® unit 


Thermoswitch’ 
unit successfully 


When the Waters-Coniey Com- 
pany first started making home pas- 
teurizers, they ran into a major 
difficulty. 

They wanted a thermostat that 
combined low cost with reliable, 
sensitive temperature control and 
ruggedness. Yet ordinary thermo- 
stats could not mect these condi- 
tions. It took the Fenwal Appliance 
THERMOSWITCH* unit to solve 
the problem successfully. 

This unique, long-lasting thermo- 
stat dependably main- 
tains the constant tem- 
perature so important 
to proper pasteuriza- 


regulates 
home 
pasteurizer 


1 gal. pasteurizer. Note THERMOSWITCH® unit 


tion of milk. But it is surprisingly 
low priced. 

The Fenwal THERMOSWITCH’* 
unit operates on a unique principle. 
Its activating element is the single- 
metal case that expands or contracts 
with temperature changes, making 
or breaking the electrical contacts 
enclosed within it. 

You, too, can benefit from its 
performance. It is used in a wide 
variety of applications throughout 
industry. For ways in which the 

complete line of Fenwal 
THERMOSWITCH* 
units can help you, 
MAIL COUPON TODAY 


APPLIANCE-TYPE 


THERMOSWITCH* 


-—“\ SENSITIVE... but only to heat 


’ *Reg. U. S. Pat. Of. 


og 


’ . 
@ \ 
so 


Name 
Company 
Street 
City 


Iam or" interested in the applications checked: 
PROCESSING 


FREE @ Get this bulletir ... 
® Thermoswitch* units can do for you. 


Just fill in coupon and mail... 
_ FENWAL, INCORPORATED, 25 Pleasant St., Ashland, Mass. 
Temperature Control Engineers 


see what Fenwal 


no obligation. 


Position 


Zone State 


Seemmene HEATING 
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0 yp © Canning 
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QO EQUIPMENT 
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Puolecléad 


oe PRECISION! 


LORD Mountings and 


' Wexible Couplings 


Precision of temperature con- 
trol is the basis for uniform 
uality in many products. 
Typical of the equipment 
which auromatically maintains 
process temperatures within 
close limits under varying 
load conditions is the Royle 
Temperature Control Unit 
shown here! 
It is also typical of modern 
equipment design that LORD 
products are used to protect 
sensitive controls against de- 

structive vibration. Note that 

LORD Flexible Mountings 

beneath each pump isolate the 

. source of disturbance; and 
im LORD Flexible Couplings be- 
= tween motor and pumps 
accommodate shaft misalign- 
mentand dampen shaft 
vibration. 

a In addition to protecting 
accuracy, LORD Mountings 
and Couplings add sales ap- 

peal by making mechani<al 

products smoother and 
quieter. Learn how LORD Vi- 
bration Control can improve 
your product. Submit derail 
for analysis and recommen 

dation; or request that ¢ 
LORD representative call. 


« 


LORD Bh cutie chic) 
Dep nvee™ ‘ 
1E, PA. 
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This index i¢ published as @ con- 
to the readers. Hvery 


to make tf accurcte, 
ENGINEBRING 
for er- 


Accurate Spring Mfg. Co...... ‘ 

Acme Steel 

Aircraft Fitting Co 

Alden Products Co 296 

Allegheny Ludlum Steel Corp... 

Allen-Bradley Co 256A 

Allis-Chalmers Co 

Allmetal Screw Products Co. 

Aluminum Co. of America “69-70-71 

72-73-74-75 

Aiuminum Goods Mfg. Co 241 

Aluminum ‘Industries, Inc...... 209 

American Brass Co.. ae 

American Chain & Cable Co., Inc. 292 

American Hard Rubber Co. . 196 

American Manganese Bronze Co. 288 

American Metal Hose Branch, 
American Brass Co........... 285 

American Nickeloid Co. . 

American Screw Co 

American Stee! & Wire Co 

American Welding & Mfg. Co 244 

Ampco Metal, Inc ....-274-275 

Amplex Mfg. Co., Div. —— 


: , 56 
This picture ‘emails how the self-clinching face nail at- | PRs Finishing Co. . 334 


taches asbestos shingles to gypsum and insulation sheathing. Armco Steel Corp , 162 
Inset show's, in cross section, the self-clinching principle. The Armstrong Cork Ce. (Gaskets, 
fastener bead is flattened, which in turn, by automatic action, Packings & Seals) 

causes the locking foot to be drawn up behind the sheathing. Arwood Precision Casting Corp.. 320 


Auburn Button Works, a 
a product of Austenal Labcratories, Inc 211 


Automatic Electric Sales Co..... 256 
Automotive Gear Works, Inc 203 





ELASTIC STOP NUT CORPORATION OF AMERICA 


Wien. def. StMmiasS BP Aisne 
MADE OF @ STEEL STRIP | ay. ty ol nion Carbide 


Baldwin-Duckworth Div. Chain 
Belt Co. 242-243 
i i i B Mfg. Co 287 
Production of these stainless steel nails exceeds 600,000 per — m4 Wolloca, bis. A 
day — enough to take care of 250 houses. ciated Spring Corp 
Barnes-Gibson-Raymond Div. As- 
MicroRold Stainless Steel Strip, cold reduced on the sociated Spring Corp 
in ace : P Bead Chain Mfg. Co 
Sendzimir Mill, was selected for material because of its many Beryllium Corp 
advantages, which are not obtained by conventional rolling — oe Se Se. 


methods. These include accuracy of gauge and dimensions, serach —— Bearing Co.. 
excellency of surface conditions, reduced die wear, less rejects, Brown & Sharpe Mfg. Co 


Bundy Tubing Co . 282-283 

and many others. Bunting ony & Bronze Co 291 
The economies of using Micro-Rold have been proved and 
histori being devel every day. Let your 

Jato ganar eam ra eT. —_ " Cambridge Wire Cloth Co... 330 


distributor give you full details and demonstrate how it can Carboloy Co., Inc 244 


Carlyle Johnson Machine Co 
Save you money. Carnegie-\ilinois Steel Corp. .238- 239 
42 


. , . Carpenter Steel Co 
*Reg. Trade Mark of Elastic Stop Nut Corporation of America. Cash Valve Mfg. Corp, A. W * 308 


WASHINGTON STEEL CORP. raat eee 
a MES oechas 
122 Woodland oon he Co , "242. 7 
WASHINGTON, PA. 
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THAT’S WHY ROPER PUMPS 


ARE USED ON 


move. B TOURNAPULLS® 


“B” Tournapulls hauled 77,000 cu. yds. 
of gravel on this levee building project 
in iforaia. The Roper 17F Pump is 
an important part of this LeTourneau 
earthmover. 





Rugged Roper Pumps are an 
integral part of Tournapull’s* 
Transmission lubricating sys- 
tem. These pumps carry essen- 
tial oil to vital transmission 
bearings. The main oil iine has 
trunks extending to various 
bearing positions . . . the Roper 
17F3 Pump is driven off the 
compound shaft gear and is 
turning continucusly in this 
application. 


This is one of many examples of Roper Pumps proving their stamina and 
eficiency through grueling hours of tough-run cperation. Small wonder 
Ropers are depended upon. Features such as helical pumping gears running 
in axial hydraulic balance, flange-type bronze bearings, deep packing box 
with split rings and easily removable split gland, and selt-lubrication of all 

ings and trunnions add to long service life in a wide range of heavy- 

applications. 


LeTourneau, you will find the Roper F Series a sound investment for 
jons requiring a pump for pressures up to 300 P.S.1. in sizes from 


GEO. D. ROPER CORP. 
375 Bieckhawk Perk Ave. 
ROCKFORD, tLitInors 


DEPENDABILITY SINCE 1857 


ROPER 
Lala ty Fump * 








FLEXIBLE SHAFTS 


4 


ms. Ba 


° 


e- SIMPLIFY DESIGN 4 


WHERE A DRIVE NEEDS 
ADJUSTASBILITY ... 


or example — in this 
power saw, the blade 
must be adjustable 
around both its hori- 
zontal and its vertical 
axis—and while oper- 
ating, it is moved back 
and forth on the sup- 
port bar. An S.S. White 
flexible shaft will 
readily solve this 
tricky drive problem. 
Can you conceive of 
any other drive for the 
saw blade that weuld 
have the necessary ad- 
justability and be 
nearly as simple? 

















This is just one of a great many design problems that 
S.S.White power drive and remote control shafts 
will solve with uttaost simplicity — and with the 
economy that goes with simplicity. It will pay every 
design engineer to be familiar with the range and 
scope of these versatile, dependable mechanical 
elements. 


ASK FOR BULLETIN. 4501 


It contains basic information and 
engineering data about flexible 
shafts and how to select and apply 
them. Write for a free copy today. 


SS.WHITE 


on 0.5 Gesines on ae RIVISION 
cert. Db, NDUST. MEW YORK 16, N.Y. <= 





FLEXIBLE SHAFTS AND ACCESSORIES 
MOLDED PLASTICS 


Oue of Amerieas AAAA Industrial Enterprises 
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McGill Mfg. Co 


ee tit 328, 332, ie FASTEN 
Oy ae a | THESE MEMBERS 
3 WITHOUT 


SPECIAL TOOLS, 


/ 


Marmon Products Co. Inc 

Marsh Corp., Jas P. a 

Massachusetts Gear & Tool Co 
Master Electric Co. (Speedmaster) 

3rd Cover 

Maysteel Products, Inc 234 
Michigan Steel Tube Products.. 199 
Micro Switch Div. of First Indus- 

trial Corp 14-15 
Midland Steel Products Co...... 328 
Mills Corp., Elmer E. 64A 
Minneapolis-Honeywell Regulator 

Co. (Industrial Div.) 236-237 
Monsanto Chemical Co ; 47 
Moraine Products Div. General 


»., Ine. PR. 2,2 | 
| 





Mt. Vernon Die Casting Corp e 


National Motor Bearing Co., Inc. 

National Paint, Varnish & Lacquer 
Association Inc 

National Screw & Mfg. Co 

National Tube Co 

New Departure Div. Gen. Motors 
Corp. , 

New Hermes, inc 

New Jersey Zinc Co 

Nicholson & Co., W. H. ‘ 

Norma-Hoffman Bearings Corp 








Onan & Sons, Inc., D. W. 
Owens Corning Fiberglas Corp. 
Textile Products Div 





Page Steel & Wire Div, Amer. This problem was solved with a 
Chain & Cable Co., Inc 29 SOUTHCO Blind Rivet and a hammer. 

Parker-Kalon Corp 250, 7 

Parker Rust Proof Co No special tools required—just “hit 

oe eg sors tah 308 the pin” — no need to buck or trim. 

Perkins Machine & Gear Co 

Philodelphio Gear Works | SOUTHCO—the blind ones rivet with 

Phoenix Products Co., Metal Spin- the strong ‘‘pull-up”’ is available 
rea 

Pa fens & Mfg. Co... : from stock in modified brazier and 


Pneu-Trol Devices, inc Pot. 
Powdered Mote! Products Corp | 100° countersunk head styles. Pending 


Progressive, Mfg. C 

Pure Carbon Co., inc Make rivet replacements without removing panels—save on 

initial installations. Metal-to-metal or metal-to-wood applica- 
tions cost less with labor-saving SOUTHCO Drive Rivets. 

R. B. M. Division of Essex Wire 


Corp. 3 Write today for free illustrated handbook of SOUTHCO F. ing Specialti 


Racine Tool & Machine Co 
Ramsey Chain Co., Inc 


end pone Inc., —_.. meee CHE! ee ee Painmtae 


ment Sales Div ‘S$ 
(Continued on page 346) WL Sos 
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~ 
Nat Seys: When you have a INDEX TO 


SPECIAL FASTENER | || apverrisers 
PROBLEM cose 


Use National’s “Special Products Service” 











vill Mfg. Co 
Scintilla Magneto Div., Bendix 
Aviation Corp., Electi. Connec- 
"Bendix 

& K Mag 





5] 
Fasteners) a 318 
Servo-Tek Products Co...... 
Sewall Mfg. Cc., E. B. Soeia, 
Seymour Mfg. Co., The cae ae 
Sharon Steel Corp - ieee 
Simmons Fastener Corp......... 321 
South Chester Corp 345 
Spencer Thermostat Division 
Metal & Controls Corp a ae 
Sponge Rubber Products Co 269 
Square D Company... . .. 270-271 
Stoedtler, Inc., J. S. .. 228 
Stalwart Rubber Co . 302 
Standard Pressed Steel Co... .38, 316 
Standard Tube Co : : 213 
Sterling Electric Motors, Inc 302 
Stewart-Warner Corp... . 201 
Stokes Machine Co., F. J. ... 204 
Sunnen Products Co 348 


netos ‘ 
Scovill (Industrial 


Telechron Inc...... , 263 
Tennessee Coal, Iron & Railroad 

Co. ....... 46, 238-239 
Thomas Flexible Coupling Co... 210 
Thomson industries, Inc... .. 212 
Timken Roller Bearing Co. (Indus- 

trial) 5 deed ...4th Cover 
Timken Roller Bearing Co. (Steel 

& Tubes) ; sce 
Timmerman Products, Inc 
Tomkins-Johnson Co 


On fastener problems requiring Call in your nearest “National” wae > thicdéte Bearings) = 
ave” ae 


a different type of bolt, nut, representative, or send us your Tuthill Pump Co... 
screw or pin, “National” fastener specifications. Twin Dise Clutch Co 
engineers can help you find a 
practical solution. - 
Even on such highly specializ — 
products as those illustrated above, \ P / oe & Carbon Corp. 
“ " %."" ; ‘ Iv Coo eSoeocesecs 
National's” wide range of cold , a ts ONDA Union Carbide & ‘Carbon’ Corp 
heading equipment and special- ] hie Aly Pocdeas Ge tam 
ized machinery makes possible ; Union Chain & Mfg. Co “tt 
economical production. United Screw & Bolt Corp 7 
~ U. S. Electrical Motors, Inc... .272A-B 
U. S. Graphite Co 26-27, 55 





THE NATIONAL SCREW & MFG. COMPANY...CLEVELARD 4, OHIO 

















Propuct ENcinEERING — May, 1950 








Corp 302 
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Western Felt Works.......... 312 
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Wiggins Oil Tool 
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PROFESSIONAL SERVICES.... 338 


SEARCHLIGHT SECTION 
(Classified Advertising) 


EMPLOYMENT 
Positions Vacant. 


Milsavseseescoecds Ss 338 
Employment Services 


BUSINESS OPPORTUNITIES 


EQUIPMENT 





ll this to} 


acquaint 
you with 
a really 
reliable 
source for 


QUALITY 
CUSTOM 
GEARS at 


competitive 
prices 


Reproduced bere in miniature, 
ars some of our ae 
apne oy r 


cue 
=... 7-4751 


PERKINS 
Custoin- Cnt™ 
GEARS 


IN ANY MATERIAL, 
METALLIC, NON-METAL- 
Lic & IN ANY QUANTITY 


[custom cur) 
(wy PE! RKINS) 














te 
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ee re ee ee 


CEES GSES 0 DO, ergsem 








Le bial 


ing that 
ing Ex- 

Denge 

Production 

Engineers would want to 
know about a potential 
is covered in this ww baal 
letin om PERKINS GEAR 
ENGINEERING SERVICE 
Write now for your copy! 








Pennies macmins & OO48 COmPaNT 
ae Neate ects mee 
ee B® on 


Beexins Pecision 


Gor 
ae 9 ae 


AT COMPETITIVE PRICES 





Product index starts on. PERKINS MACHINE & GEAR Co. 


WEST SPRINGFIELD, MASSACHUSETTS 
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Prevents Leakage of Hydraulic Fluid 


FOUR MEN FROM ST. LOUIS 

Know The Inside Story 

About Finishing I. D.’s 
Prominent Manufacturers Use 


SUNNEN HONING 


To Improve Bushings, Bearings, Cylinders 
For Smoother Running, Longer Life of Products 


Sunnen Honed bushings, bearings, and cylinders 
are straight and round. No bellmouth, no taper—no 
high spots or ridges—and no “‘washout”’ at ports and 
grooves. Sunnen Honing produces full bearing surface 
with any desired finish to 2 micro-inches R.M.S. Lead- 
ing St. Louis industries, as well as those in your area, 
use it to improve vital machine parts—to step up per- 
formance and increase life of their products—to furnish 
their sales forces with convincing sales features. 


CUT PRODUCTION COSTS, TOO 


Sunnen Honing virtually eliminates chucking, fixtures 
and set-up time . . . maintains accurate alignment 
between in-line bushings. . . eliminates selective fitting 

. speeds assembly . . . reduces rejects . . . salvages 
valuable parts . . . hones metals, ceramics and glass 

. is guaranteed accurate to within .0001", On some 
production jobs tolerance is held to within 25 mil- 
lionths of an inch. 


Stationary equipment hones diameters from .120” to 
5.5” (portable equipment range: .185” to 14.5”). Hones 
open and blind holes, and holes with 
keyways, ports and lands. 
You can have better products at lower 
cost . . . avoid production headaches 


. by specifying Sunnen Honing at 
the design stage. Investigate now' 


SUNNEN PRODUCTS COMPANY 
7914 Manchester Ave. « St. Louis 17, Mo. : 
Conadian Foctory: Chatham, Ontorio Produces Accurate Parts Economically 






SUNNEN PRODUCTS COMPANY “ew 
7914 Manchester Ave., St. Lovis 17, Missouri 


|Please send me informo- See enclosed data. [_] Please have 
‘ representative call. 









On thousands of applications stepless variable speed operation as 
sures exactly the right speed for evety opftation for each operator 
the right speeds for each change in the consistency or shape of 

the material being processed Such variable speed operat on 9 ves you 
plus value in higher rates of eleeleltia ile g MoM) til Jamel ellinmelsele) amelile, 
more efficient performance of your equipment and your operators 
Master Speedrangers provide this infinitely variable speed in com 
pact, all-metal, mechanical variable speed units in a wide range of , 


types and in sizes up to. 5 horsepower 


BLS VALUE 


For example, see how the Speedranger on .this machine incorpo 
rates an electric motor, a variable speed unit, a gear-reduction unit 
and.an electric brake eliMilelileleleeMlelti ml Miele lel tibg combine ‘ 
nto a compact, integral power package. This provides exactly the ——" 
RIGHT horsepower the RIGHT range’ of speed, the RIGHT features 
na unit that you can use RIGHT where you want it 


Write for Data 7525, a new 2 


4-page book on Speedrangers, and 
see what a real job they can do for you 
‘ 
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Hand miller that “uses its head” has 
spindle mounted on TIMKEN’ bearings 


HIS Nichols hand miller “uses 

its head” to give unusual ver- 
satility as well as high standards 
of precision. The counter-balanced 
head slides up and down enabling 
the tool to be brought to the work 
for extra flexibility in maay milling 
operations. 


To insure smooth, accurate cut- 
ting and freedom from chatter, the 
spindle is mounted on Timken" 


tapered roller bearings. 


Timken bearings heip to hold 
the spindle rigid—keep it revolv- 
ing accurately under all loads. The 
line contact between the rolls and 
races gives maximum spindle sup- 
port. There’s less chance of deflec- 
tion. Tapered construction enables 
Timken bearings to carry both 
radial and thrust loads in any com- 
bination and permits accurate 
pre-loading. End-movement is 
controlled within the close limits 
required for precision machining. 


Because of their true rolling mo- 
tion and the finishing of rolls aad 
races to incredible smoothness, 
Timken bearings practically elimi- 
nate friction. And since they're 
made of the finest steel ever devel- 
oped for tapered roller bearings— 
Timken fine alloy steel—Timken 
bearings normally last the life of 
the machine. 


For top performance, be sure you 
have Timken bearings in all the 
machine tools you build or buy. 
Look for the trade-mark “Timken” 
on the bearings. The Timken Roll- 
er Bearing Company, Canton 6, 
O. Cabie address: “TIMROSCO”. 


This symbo/ on a product means 
its bearings are the best. 


NEW TIMKEN BEARING CUTS RUN-OUT IN HALF! 


Until now, the Timken “Zero” bearing has been the last word in 
bearing accuracy. Now Tim ‘en offers industry the “Double-Zero” 
bearing—twice as accurate as the “Zero”! Maximum run-out of 
the new “Doubie-Zero” bearing is only 75 millionths of an 
inch—balf the 150 millionths run-out of the “Zero” bearing. 


What aa opportunity fo: manufacturers of machines where 


extreme accuracy is essential! Available in standard single | TAPERED ROLLER BEARINGS 


row types, up to 10” O.D. Write for further information. 





NOT JUST A BALL (>) WOT JUST A ROLLER > THE TIMKEN TAPERED ROLLER c—> GEARING TAMES RADIAL ©) AND THRUST -(/)— LOADS OR ARY COMBINATION -¥- 





